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How should enquiry be conducted? This basic question is faced at some 
time or other by every scientist—be he natural or social. Here is a formu- 
lation of principles of enquiry common to scientists—notions which initiate 
and guide the course of a line of research—and a grand strategy of en- 
quiry is proposed. It is suggested that this theoretical framework can be 
used to investigate why scientists have these patterns of enquiry. 


WHAT DO SCIENTISTS DO? 


by Joseph J. Schwab 
The University of Chicago 


“‘Man is by nature metaphysical and proud.’’ 
CLAuDE BERNARD 


AIMS AND PROBLEMS 


ERTAIN debates among scientists peren- 
C nially reflower in their literature and 
their symposia and perennially fail of resolu- 
tion. These debates concern the way in 
_ which enquiry should be conducted. Pat- 
terns of actual enquiries exhibit the same 
variety and persistence. Different scientists 
do different things. A mode of enquiry 
discredited by one scientist, dismissed at 
one time, discarded in one science, reap- 
pears and is fruitful in other hands, at other 
times, or in other sciences. 

Three further points suffice to bound our 
problem. In the course of their professional 
lives, a few scientists change their habit of 
enquiry or the position they defend but 
many do not so change. Second, the prac- 
tices and positions encountered (and the 
arguments in their defense) are remarkably 
constant from science to science and from 
epoch to epoch. Third, the order in which 
different modes of enquiry appear is not 
constant across different fields, different 
subject matters, different problems. What 
in one science is a starting point, in another 
is a middle or a climax. 

To take account of these matters, we 
make four suppositions: (1) the alternative 
patterns of enquiry accessible to the man 
of science are few in number and capable 
of formulation; (2) a relatively stable 
personal preference contributes mightily to 
the view of a scientist about what ought to 


constitute his science; (3) these personal 
preferences represent a configuration of 
personality types among scientists which is 
relatively stable over time and sciences; (4) 
this personal factor and ephemerals of 
circumstance rather than inexorables of 
logic or of history often determine what is 
better or best for a given science or scientist 
at a given time. 

What follows is the fruit of an effort to 
realize the first of these suppositions. It is 
also a framework through which to investi- 
gate the others. It consists of a scheme of 
the decision points in the process of enquiry 
and of the choices available at each such 
point. 

The decision points and choices sum- 
marize what I have seen in some 4,000 
scientific papers written by European and 
American scientist; over the past five 
centuries in the biological sciences, the 
physical sciences and three ‘‘behavioral”’ 
sciences. Most of the papers are from the 
last two centuries, from the _ biological 
sciences (including clinical medicine and 
psychiatry) and psychology. 


THE DECISION POINTS 


The six decision points, briefly sketched 
below, obviously do not include all the 
points which exist in and around enquiry. 
I have not considered decisions involved in 
larger operations for which enquiry is only 
a ploy; e.g., careers toward administrative 
and political functions; careers of popular 
authority and entertainment; the keeping 
of academic posts and the advancement of 
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salary. I have also omitted such obvious 
and preliminary choices as that of science 
as a career and of a subject field in science. 

Of the six decision points, three occur 
seriatim in the course of enquiry. Two 
others are labor-divisional choices in which 
some one phase of enquiry is chosen for 
repetition, eschewing the remainder of the 
process. The sixth represents an O choice 
which will replace our initial pretense that 
all scientific enquiries originate in efforts to 
make a contribution to knowledge of a 
subject-matter. 

The brief descriptions here are intended 
to serve only as a preliminary guide. Their 
full sense will be expanded later. 


Point 1. Invention or selection of a form of 
principle for enquiry. Five forms of principle are 
available, three with subdivisions. 

Point 2. Judgment of proposed principles rela- 
tive to enquiry in medias res. Four criteria are 
used. None is wholly ignored, as a rule. Choice 
consists of the relative weighting giveneach of the 
criteria. 

Point 3. Selection among alternative sets of 
specific terms for detailed enquiries. Two criteria 
are used. Unlike the criteria of Point 2, these two 
criteria are often weighted in ratios approaching 
1:0. 

Point 4. Selection: of ‘‘stable’’ or of ‘‘fluid’”’ 
enquiry; that is, the pursuit of conclusions with 
terms hypostasized or pursuit of conclusions as 
tests of the terms of the enquiry. 

Point 5. Selection of one phase of enquiry for 
repeated endeavor. Although enquiry can be 
divided into at least five tasks capable of being 
executed independently of executing others, only 
three are commonly discriminated for choice by 
the working scientist. 

Point 0. Displacement of ‘‘knowledge of the 
subject-matter’’ by other desiderata. determining 
researches pursued. Two alternatives are con- 
spicuous. 


THE FORMS OF PRINCIPLE FOR 
ENQUIRY (DECISION POINT 1) 


We shall use “principle” to stand for the 
ideas which initiate and guide any planned 
activity. ‘Principle of enquiry” thus stands 
for the notions which initiate and guide 
the course of a line of research. The biologist 
who wonders ‘which of the virus strains 
causes distemper?” uses cause as one part 
of his principle and notions about the 
taxonomy of microorganisms, the relation 
of invaders to the body’s economy, and of 
disease “entities”? as other parts. 


A principle of enquiry in this sense may 
arise from a doctrine consciously known and 
espoused by the scientist or it may be 
simply his habit, his unexamined way of 
recognizing his subject matter and_ his 
problems. Whatever its status in this re- 
spect, it remains, for our purposes, a prin- 
ciple of enquiry. 

We are similarly indifferent to the original 
reference among philosophical common- 
places of a principle of enquiry. It may 
originally specify the nature of things, of 
method, of “mind” or knowledge without 
affecting its status for us as a principle of 
enquiry. 

A group of notions achieve the status of 
principle of enquiry when they succeed in 
bounding and analyzing a subject matter so 
as to make it fit for enquiry. Bounding is 
exemplified when, say, a primitive psy- 
chology conceives “learning”? as the reten- 
tion of nonsense materials under conditions 
which minimize or exclude motivational 
factors and interpersonal relations. It is 
seen when economists discriminate a ‘‘free 
market”; when factors of shape and medium 
are excluded from kinematics; when the 
distinction of chemical and physical change 
restricts the subject-matter of chemical 
enquiry. It is seen again when a primitive 
physiology conceives its ‘‘organism’’ as that 
which (a) stops at the skin, (b) during 
maturity, (c) under ‘normal’ conditions. 

The analytic function of principles con- 
sists in identifying the meaning-units or 
meaning-elements which are to be treated 
in enquiry into the subject-matter. Thus a 
primitive physiology treats its organism as 
constituted of organs and their functions. 
The principles of another physiology identify 
homeostases and their supporting mecha- 
nisms as the elements of research. A third 
(within a different bounding) conceives the 
organism as a chemical-energetic system in- 
definitely interpenetrating an environment. 

More disparate forms of principle are 
seen in the Freudian personality with its 
psychic organs and functions, by contrast to 
the Sullivanian in which “I” am the inter- 
sect of my friends and enemies and they, in 
turn, are the intersects of me and others. 

The first specific service of principles to 
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the course of enquiry is to provide it with 
terms in which to couch its problems. Thus, 
for our primitive physiology, the problem of 
enquiry is of the form, ‘‘What is the func- 
tion of Organ X?” or, ‘““‘What organ per- 
forms function Y?”’. 

By way of the terms of the problem, the 
principle then determines what shall con- 
stitute the data required by the enquiry 
and outlines the procedure which will elicit 
the required data. Thus our physiologist 
must know what alterations in the behavior 
of the organism ensue upon suppression of a 
part and he is instructed to remove an 
organ and contrast the deprived animal with 
a normal one. 

Finally, the principles of an enquiry re- 
strict the form which knowledge of the 
subject will take by indicating how the data 
are to be interpreted. Thus, an organ-func- 
tion physiology leads to a catalog of as- 
sertions of the form, ‘‘The function of X is 
A ise 

Of principles in this sense, we find five 
kinds: reductive, rational, holistic, anti- 
principled and primitive. Reductive, holistic 
and anti-principled principles are each 
represented by subspecies. (The historian 
of philosophy will find none of these un- 
familiar. Plato, Aristotle, Augustine, 
Plotinus, Comte, Mill, Mach, Whitehead, 
et al., appear to have influenced a certain 
number of scientists—or to have read a 
certain amount of modern scientific litera- 
ture.) 


Reductive principles 


Reductive principles are the grey flannels 
of enquiry; serviceable and wearable almost 
anywhere by anybody. They rest on the 
notion that things are as they are because 
of what they are made of. A subject of 
enquiry is treated, not as a thing which is, 
but as a something constituted. The scientific 
account is sought in the constituents. 

Atomic reduction. If one insists on 
recognizing orders of phenomena, the stage 
is set for atomic reductive principles. The 
world is seen as literally compounded, in 
the style of a nest of Chinese boxes. Thus 
physical particles constitute the organiza- 
tions called chemical. Chemicals constitute 


each physiological. Society is the structure 
of physiologicals. 

Comte, of course, is the familiar spokes- 
man for such a view. It is in deference to 
him that I have made the hierarchy read 
as it does. We would currently need to 
state it thus: physicals, chemicals, bio- 
logicals, psychologicals, socials. 

Says Comte (1943), ‘... to study social 
phenomena one must start from a thorough 
knowledge of the laws pertaining to the 
individual.” This states the paradigm 
which atomic reductions copy or outdo. 
Atomic reduction would embark upon an 
enquiry by more-or-less abandoning the 
subject. of interest in favor of a study of 
the behavior and properties of its immediate 
constituents. Thus the behavior of human 
groups is treated as a function of their 
physiology; physiological knowledge is 
sought in terms of chemistry; and chemical 
phenomena are explained in terms of the 
masses, charges, positions and motions of 
physical units. Pavlov’s physiological re- 
flexes as the determining constituents of 
behavior and the multi-enzyme system as 
the determining constituent of the organism 
are modern cases in point. In general, 
constituents are treated as determinative 
of the constituted and never the reverse. 

Two varieties of this doctrine can be 
distinguished, though they do not deserve 
the privilege of a nomenclature. On the 
one hand, there is the variety which de- 
parts from Comte’s paradigm. In _ this 
belligerently held version, the subject of 
interest is abandoned as the subject-of- 
enquiry. It is enough to know the con- 
stituents in their virgin state—not as 
constituents but as solitary items. From 
their properties seen in that condition, says 
this extreme view of reduction, we can infer, 
and predict, the organizations into which 
they might enter and the character that 
would result. 

In the more temperate version, the sub- 
ject of interest is not abandoned. It is 
treated as serving two necessary functions. 
Through it, one finds the properties and 
behaviors which are to be accounted for by 
a study of constituents. Second, it is only 
by way of behaviors exhibited in the con- 
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stituted order of phenomena that one can 
detect some of the most important proper- 
ties of the constituent elements, since some 
of these properties will be potencies ex- 
hibited only in unions and combinations. 
Thus, it is in a study of the properties of 
chemical compounds that the chemist 
locates many of the problems he proposes to 
solve by study of their elements; and it is in 
the processes of combination and separation 
that important properties (e.g., valence) of 
the elements are seen. 

Modern reductions depart from the 
Comteian pattern in still another way. The 
reduction may leap several steps at once 
down the Comteian hierarchy to rest on 
some constitutive factor held to be deter- 
minative of the behavior of all or several 
“orders” of phenomena. (And the deter- 
mining constituents may be immaterial.) 
We have, for example: 


“The problem of the physical sciences is thus 
finally determined; to reduce the natural phe- 
nomena to unalterable, attractive and repulsive 
forces whose intensity depends upon the distance. 

“« . . Its task will be complete when the reduc- 
tion of phenomena to simple forces is complete, 
and when at the same time, it can be proved that 
the given reduction is the only possible one which 
the phenomena admit. Then this reduction would 
have been proved to be the necessary conceptual 
form of the theory of nature; so there would then 
be justified as well the ascription to it of the ob- 
jective truth.’”’ (von Helmholtz, 1847, p. 1) 


In these several versions of reduction, the 
constant mark consists in the fact. that 
causal efficacy is wholly located in the 
chosen constitutive elements. The constant 
mark of atomic reduction consists in the 
fact that the efficacious elements are 
treated as of a different order from the 
constituted subject. 

An atomic reductive bias in the scientist 
(especially its belligerent version) is often 
used to relegate ultimate responsibility for 
the soundness of knowledge to the scientist 
of the lower order of phenomena while the 
investigator of the higher order maintains 
an amateur status which yet permits him 
to flaunt before his non-reductive colleagues 
a prestigeous knowledge they do _ not 
possess. A great deal of this was visible in 
physiology before biochemistry and physics 
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were common requirements in the field. 
Mathematics is currently used in a number 
of fields in the same way. 

(Piety requires me to remark that Comte 
was not himself a heavily biased reduc- 
tionist. What appears to be that in the 
Positive Philosophy is only an installment of 
a story which is completed in the Positive 
Polity. In the story as a whole, there are 
three related ‘“‘methods”’: “Objective,” ‘“‘Sub- 
jective,” and ‘“Synthetical.” The first is 
atomic reductive; the second is what we 
shall describe as “rational”; the third is 
partly rational and partly a union of en- 
quiry, morals, and social action into a 
single process.) 

Molecular reduction. As in other cases, 
brothers in science are likely to quarrel 
more bitterly than cousins: those who 
espouse molecular reductive principles bit- 
terly dislike atomic reduction. B. F. Skinner 
(1938) exemplifies the point, and in such 
wise that he provides an apt statement of 
the distinction between the two subspecies 
while nicely illustrating the affect which 
marks such choices. The object of Mr. 
Skinner’s first aversion is a holistic principle. 

‘*. . Behavior has that kind of complexity or 
intricacy which discourages simple description 
and in which magical! explanatory concepts 
flourish abundantly. Primitive systems of be- 
havior first set the pattern by placing the be- 
havior of man under the direction of entities 
beyond man himself... .In more advanced sys- 
tems..., the ultimate direction and control 
have been assigned to entities placed within the 
organism and called psychic or mental. Nothing 
is gained by this strategem....Some concep- 
tions of the ‘mind’ and its faculties, and more 
recently the ‘ego’, ‘super-ego’, and ‘id’ are ex- 
amples of inner agents or organisms, designed to 
account for behavior . . .”’? 
1Mr. Skinner has the distinction of being 
one of the first American scientists to use ‘‘mag- 
ical’’ instead of ‘‘metaphysical’’ as a major 
epithet. However, the fact that epithets of this 
kind are not the exclusive property of the “hard 
fact’’ men is seen in the following: ‘During the 
1920’s and 1930’s psychologists were, on the whole, 
rather adverse to theory. Governed by a naive 
metaphysical belief, they were apt to consider 
‘fact finding’ the only task of ‘scientific’ psychol- 
ogy ...’’ (Lewin, 1951). 

?The attack on a holistic principle in this 
paragraph is obscured by simultaneous attack 
on anything without a ‘‘physical status.”’ 
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He now moves in on atomic reduction: 


“The important advance from this level of 
explanation that is made by turning to the nerv- 
ous system as a controlling entity has unfor- 
tunately had a similar effect in discouraging a 
direct descriptive attack on behavior. The change 
is an advance because the new entity beyond be- 
havior... has a definite physical status of its 
own....Its chief function with regard to a 
science of behavior, however, is again to divert 
attention away from behavior as a subject mat- 
ter....The more sophisticated neurological 
views generally agree with the popular view in 
contending that behavior is itself incomprehen- 
sible but may be reduced to law if it can be shown 
to be controlled by an internal system. . . . Facts 
about behavior are not treated in their own right 
but are regarded as something to be explained or 
even explained away by the prior facts of the 
nervous system. 

“Worst of all, it !physiological behaviorism] 
carried on the practice of seeking a solution for 
the problems of behavior elsewhere than in 
behavior itself. ...The altogether too obvious 
alternative to a’mental science was a_ neural 
science. The possibility of a directly descriptive 
science of behavior and its peculiar advantages 
have received little attention.”’ 


First, then, the demolition of holistie prin- 
ciples and nonphysical terms: ‘‘magical con- 
cepts,” “strategems,’”’ ‘‘mind,” ‘ ‘ego,’ 
‘super-ego,’ ‘id’.”” This is followed by attack 
on atomic reductions (neurology and physio- 
logical behaviorism) and praise of treatment 
of the phenomena of behavior “in their own 
right.””’ The latter phrase is the common 
presenting symptom of preference for 
molecular reductive principles.’ Skinner then 
proceeds to bound his preferred subject- 
matter (‘Behavior is what an organism is 
doing—having commerce with the outside 
world”) with a further exhibition of his 
presenting symptom: “the peculiar proper- 
ties which make behavior a unitary and 
unique subject matter.”’ 

He now thrusts at one form of 
principled principle: 


anti- 


3 For a further example of this presenting 
symptom, see Durkheim (1950, Ch. I). It is in- 
teresting and touching that whereas most psychol- 
ogists can now take physiology or leave it alone, 
a great many sociologists are still extremely 
tetchy about psychology. Thrice in a week I 
have heard young sociologists respond to a re 
ductive remark by the phrase, ‘‘Well, if you 
must psychologize . . .”’ 


‘*|. . We may proceed to a kind of description 
of behavior by giving a running account of a 
sample of behavior as it unfolds itself in some 
frame of reference. This is a typical method in 
natural history and is employed extensively in 
current work. ... It may be described as narra- 
tion.... From data obtained in this way it is 
possible to classify different kinds of behavior, 
it is not a science in the accepted sense. We need 
to go beyond mere‘ observation of a study of 
functional relationships. We need to establish 
laws...” 


Skinner is now ready to describe and 
praise his own reductive molecule: 


“.. It is presumably not possible to show 
that behavior as a whole is a function of the 
stimulating environment as a whole. A relation 
between terms as complex as these does not 
easily submit to analysis and may perhaps never 
be demonstrated. The environment enters into a 
description of behavior when it can be shown 
that a given part of behavior may be induced 
at will by a modification in part of the forces 
affecting the organism. Such a part of the en- 
vironment ...is traditionally called a stimulus 
and the correlated part of the behavior a response. 
Neither term may be defined as to its essential 
properties without the other. For the observed 
relation between them, I shall use the term refler. 

“The difference between the demonstration of a 
reflex and mere narration is...that no lawful 
relation ...is asserted...The story is told 
simply of something that has once happened. 
The isolation of a reflex, on the other hand, is the 
demonstration of a predictable uniformity of 
behavior. In some form or other, it is an inevitable 
part of any science of behavior ...Current ob- 
jections to the reflex on the ground that in the 
analysis we destroy the very thing we are trying to 
understand, scarcely calls for an answer. We 
always analyze. It is only good sense to make the 
act explicit ... 

‘So defined a reflex is not, of course, a theory. 
It is a fact. It is an analytical unit, which makes 
an investigation of behavior possible . . .’’ 


Molecular reduction is, then, the effort 
to find the irreducible minimum of the 
subject-matter under investigation. Among 
such paradigmatic molecules we have “the 
family” of one political sociology, the 
“cell” of nineteenth century general phys- 
iology and the “two-person group” of some 
recent sociology. In the case of B. F. Skinner, 


4“Mere’’ rivals ‘‘metaphysical’’ as a favored 
epithet in defenses of form of principle. 

5 Seattered through these quotations are indi- 
‘ations of a choice at Decision Point 3. We shall 
deal with this later. 
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the telling sentence is: “Neither term 
[stimulus, response] may be defined as to its 
essential properties without the other.” 
That is, the reflex, constituted of stimulus 
and response, is asserted as the ultimate 
reduction of behavior. If what “stimulus” 
names is discussed apart from “response’’ 
(as it can be), the conversation is no longer 
about behavior but about something else— 
physical or meteorological or chemical phe- 
nomena. Similarly, ‘“‘response”’ 
“stimulus” would be physiology or bio- 
chemistry, not behavior, and, for that 
reason, unacceptable.°® 

From the point of view of enquiry as 
against enquirers, molecular reduction tends 
to shade off toward the atomic by invoking 
numerous different elements as determina- 
tive constituents. Pre-Mendelevian chem- 
istry is a case in point; so also the general 
physiology "which moved from ‘the’ cell 
to three, five or ten kinds of cells (e.g., 
secretory, epithelial, nervous, muscular, 
germ). A similar psychology would arise 
from an attempt to discriminate classes of 
reflexes and to account for complex behav- 
iors as combinations. Even in such cases, 
however, the personal loyalty of the en- 
quirer appears to attach to the molecular 
character of the simple: that it is a simple 
which is peculiarly chemical and _ not 
physical; or social and not psychological; or 
behavioral and not neural. 

The fact that molecular reductions are 
incomplete principles of enquiry lends 
credence to this hypothesis. Unlike atomic 
reduction to a field of enquiry which has 
terms already laid down, the molecular 
reduction requires further invention. Given 
the stimulus-response reflex, for example, 
the enquirer must still decide what to 
observe or measure about that molecule 
and how to interpret his data. For this 
purpose he must append additional factors 


6 The phrase ‘‘dyadic group’’ frequently re- 
places my ‘“‘two-person group,’’ not only because 
it sounds impressive but because it better asserts 
the “‘right’’ unit; i.e., a dyadic group is a some- 
thing with two parts, not twe somethings interact- 
ing. It is a social molecule, not psychological 
atoms—as Skinner’s ‘‘reflex’’ is a psychological 
molecule whose wholeness is not to be divided. 


without | 


and these may be taken from one of the 
other forms of principle: holistic, rational, 
anti-principles—even atomic reductive. In 
brief, molecular reduction often serves only 
to dignify the science by asserting the 
existence of a unique subject-matter re- 
quiring its service. 

‘*” . . Practically all sociologists now demand a 
separate existence for their science; but... 
the common-sense view still holds that sociology 
is a superstructure built upon the substratum of 
the individual consciousness. . . . 

‘‘What is so readily judged inadmissible in the 
matter of social facts is freely admitted in the 
other realms of nature. Whenever certain elements 
combine and thereby produce, by the fact of their 
combination, new phenomena, it is plain that 
these new phenomena reside not in the original 
elements but in the totality formed by their 
union. The living cell contains nothing but min- 
eral particles, as society contains nothing but in- 
dividuals. Yet it is patently impossible for the 
phenomena characteristic of life to reside in the 
atoms of hydrogen, oxygen, carbon, and _ nitro- 
gen...’’ (Durkheim, 1950, p. xlvii). 


And from the psychiatrist Maslow: 


“This conclusion exposes the essentially theo- 
retical nature of the entire reductive effort... 
It is simply a reflection or implication in science 
of an atomistic, mechanical world view that we 
now have good reason to doubt.’ (Maslow, 1954). 


Holistic principles 

Holistic principles are most conspicuous 
in the frankly taxonomic sciences—zoology, 
botany, minerology—and in _ physiology 
from William Harvey to recent times. 
Holistic principles require an account of the 
subject-matter of interest in terms of the 
combination of qualities or constituents 
which, as organized, sets that subject- 
matter apart from all others. Parts or con- 
stituents are used, as in atomic reductive 
principles, but the properties of the con- 
stituent factors do not provide an adequate 
or complete account of the whole. That is 
sought in the whole itself, as well as in the 
parts. Indeed, some properties of the con- 
stituents are sometimes treated as con- 
ferred by their place in the organization of 
which they are parts. For this reason, such 
principles are sometimes called ‘‘organic.”’ 
The original Aristotelian prescription of 
such principles is still viable: 
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‘the organizing principle is the starting 
point in natural things as it is in those things 
which are made by man. Consider how the physi- 
cian or the builder sets about his work. He starts 
by setting for himself a definite picture, the physi- 
cian, of health, the builder, of a house. This pic- 
ture he uses as the guide and explanation of each 
subsequent step that he takes... .In the works 
of nature, the organizing principle is even more 
dominant than in works of art such as these... . 

“.. there is also a factor manifested which 
may be called contingent necessity. For if a house 
or other such object is to be realized, it is neces- 
sary that such and such material shall exist; and 
it is necessary that first this and then that shall 
be produced—and so on. . . . So also is it with the 
production of nature. The starting point for 
living things is that which is to be. But this, being 
of such-and-such characters necessitates the pre- 
vious existence or production of this and that 
antecedent... 

“The fittest mode, then, of treatment is to 
say, a man has such and such parts because the 
organization of man includes their presence and 
because they are necessary conditions of his 
existence.’’ (Paraphrased from Parts of Animals, 
Bk. I, Chapter I) 


And from Maslow (1954): 


“One essential characteristic of holistic analy- 
sis of the personality ...is that there be a pre- 
liminary study or understanding of the total 
organism, and that we then proceed to study the 
role that our part of the whole plays in the or- 
ganization and dynamics of the total organism.” 


Formal - material holistic principles. 
Formal-material holistic principles follow 
the Aristotelian prescription in assigning 
roles to both the material constituents and 
to the organized whole. For example, 


“The atom, we now find, is . . . a mechanism or 
organism in which the properties of the whole 
depend not solely on the nature of its parts but 
also on the peculiar relatedness of its parts; while 
an organic molecule ...is, again a mechanism 
or organism in which the properties of the whole 
depend upon the relatedness of its parts as well 
as upon their nature. Now for descriptive purposes, 
and for visualization, the parts of the atom or 
molecule must be in our minds; and we cannot 
therefore dispense with the results of analysis. 
Yet in spite of such knowledge of the parts certain 
fundamental properties of the whole will elude us 
in each case unless we study it while intact. We 
can only properly define the whole in terms of its 
activities....In all cases structure, internal 
events and functions must be thought of as in- 
separable if we are to grasp the essential nature 
of such systems...’ (Needham &«& Baldwin, 
1949, pp. 179-190). 


In a less dramatic form, such a principle 
is seen in a. physiology which first assigns 
certain necessary activities to the organism 
(e.g., ingestion, digestion, excretion, repro- 
duction, etc.) and then describes each 
organ, tissue and enzyme-system by refer- 
ence to what it contributes to one or another 
of these defining activities and how it does so. 

Formal holistic principles. When the 
distinguishing character of the subject of 
interest is treated as capable of embodiment 
in any one of a variety of materials or sets 
of parts, the holistic principle becomes 
formal. Enquiry guided by such a view 
may use materia! parts as evidence of the 
character of the whole since they are taken 
as effects or requisites of it but the stable 
object of enquiry is the pattern, organiza- 
tion or form exhibited via the material. For 
example: 

‘‘Democracy—like forms of group living—can- 
not be defined adequately by isolated elements of 
conduct, rules or institutions; it is the larger 
pattern of group life and the group atmosphere 


which determines how society is to be classified.’’ 
(Lewin, 1954). 


and from Maslow (1954) again, 


“Since these specificities have the same source 
or function or aim, they are interchangeable 
and may actually be thought to be psychological 
synonyms of one another...” 


Such enquiries entail a search for a 
variety of embodiments. One set of ma- 
terial parts, being only one means of ex- 
pression, may, as stubborn matter, either 
fail to’express the full pattern or mix its 
own properties with it. Hence, the nature 
of culture is sought in cross-cultural study. 
The nature of the organism is sought 
through numerous experiments in which 
parts are altered and the coordinate changes 
in all other parts are scrutinized in order to 
determine the stable pattern which is re- 
constituted by all such sets of changes (J. 
S. Haldane, 1932). 

Needless to say, the exponents of such 
principles, dubbed mystics, do as they are 
done by, especially to atomic reductionists; 
e.g., 

“ . . the orthodox credulity with which so 
many writers continue to refer to the ‘mecha- 
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nisms’ of various living activities is to my mind 
pathetic in its blind clinging to what has come to 
be regarded as a sacred scientific authority.” 
(Haldane, 1932) 


It is worth noting that holistic principles 
share with molecular reductions an emphasis 
on the apartness of the subject of interest. 
It must be studied “in its own terms.” I 
suspect, however, that a factor analytic 
study would show that scientists’ adhesion 
to holistic principles is heavily loaded with 
a passion for wholeness or something of 
which wholeness is symbolic rather than 
with a need to create an independent domain 
of investigation. 


Rational principles’ 


If atomic reduction seeks its likely story 
in “downward” terms, while moleculars 
and holists try for a statement of the sub- 
ject in its own terms, there is a remaining 
malapropic possibility: reduction upward. 
Principles of this kind require that the 
subject of interest be seen as given its 
character by its place in some larger deter- 
minative whole or by some ratio imposed 
from without. Such a principle is seen in 
one of its simplest guises in socially domi- 
nated theories of personality in which the 
human organism is treated as a nearly- 
blank slate on which the society writ small 
is what is mistaken for a person. 

Most such principles have a distinct 
Platonic, Cartesian, or Deistic cast. That 
is, the process of determination is rarely 
referred to a vera causa or to specified 
processes, as introjection and identification 
are used by some of the conservative social 
personologies. Rather, the determiner is 
seen as some sort of rational structure of 
relations with no particular relata (a ‘‘con- 
figuration’), either subsisting in its own 
right or as the defining part of the material, 


7A word about the word, “rational.’’ In this 
context it does not mean—honorifically—logical, 
reasonable or sane, thus suggesting that other 
principles are unreasonable, ‘‘merely empirical”’ 
or insane. Nor does it mean, as does the pejora- 
tive ‘‘rationalistic,”’ the elaboration of ‘‘self- 
evident”? premises into conclusions to be ac- 
cepted without recourse to empirical data. What 
it does mean, the text will try to show. My apol- 
ogy for the misleading word is that I can find no 
better one. 


determinative surround. The Keplerian 
conic sections, the Relativity field (insofar 
as it is not the product of objects in the 
field), and Lewin’s psychological field (in 
part), are cases in point. 

Einstein (1936) succinctly describes this 
rationality as follows: 


‘When I speak here of ‘comprehensibility’ the 
expression is used at first only in its minimal 
signification. It signifies that by the creation of 
universal concepts and relations among these 
concepts, and also by stable relations established 
somehow or other between concepts and sense- 
experience, the latter are brought into some sort 
of order. . . . 

‘All that is essential is the attempt to present 
the manifold of concepts and propositions which 
are close to experience as propositions logically 
derivable from a basis—as narrow as possible—of 
fundamental relations which can in themselves be 
freely chosen (axioms)... .”’ 


By “a Platonic, Cartesian or Deistic 
cast,” I mean to suggest a common quality 
of the enquiring principles but not to suggest 
that idealist metaphysical views are neces- 
sarily espoused. What justification will be 
used in defense of such principles is hardly 
predictable beyond the fact that very 
frequently they will be asserted to be 
“best” or “true” or “most widely accepted” 
science. Clark Hull’s book, Principles of 
Behavior (1943), is a case in point. Here, 
amid echoes of J. S. Mill, William Whewallt 
and more recent logicians, deductive sys- 
tems (involving primary terms which are 
hardly Keplerian or Einsteinian) are de- 
fended partly on the ground that if empirical 
generalizations can be incorporated into a 
deductive system, post facto, their credi- 
bility is somehow enhanced. 

It should be noted that rationally in- 
stituted theories are not to be taken as 
identical with bodies of theory presented as 
deductive systems. The mark of a rational 
system is not in its form but in its content. 
It consists of assignment of causal efficacy 
“upward,” whether to the configuration of a 
material “whole” of which the subject of 
interest is a “‘part”’ or to a Platonic-Cartesian 
ratio. Though some deductive systems are 
fruits of enquiry pursued in this way, some 
are not. The deductive structure may be 
merely imposed on the results of enquiries 
instituted by other principles, e.g., the 
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Clark Hull material cited above. (See also 
the section on Imposition of Deductive 
Structures). On the other hand, a theory de- 
veloped in terms of a rational principle 
may be presented apart from a formal, 
deductive system. 

A further difficulty exists in the distine- 
tion of rational from formal-holistic prin- 
ciples since the latter appeal to a ratio as do 
some of the former. The distinction rests on 
the fact that the ratio of formal-holistic 
principles is something peculiar to the 
whole investigated while the ratio of ra- 
tional schemes is a form whose variants or 
subspecies reign over greater reaches of 
investigable phenomena. Thus the normal 
curve, other probability functions, ex- 
ponentials and other algebraic functions are 
characteristic ratios of rational schemes 
since they may be applied indifferently to 
the investigation of any subject-matter or 
all subject-matters. 

The fact that ratios are characteristic of 
formal-holistic schemes as well as of ra- 
tionals also complicates somewhat the 
question of who prefers what among prin- 
ciples. Two pairs of factors intersect one 
another in this case. On the one hand, there 
is the choice between universal and local 
subject-matters. On the other hand, there 
may also be a tendency to prefer ratios as 
such or to reject them as such. Thus four 
classes are generated, only three of which 
are readily identifiable. A preference for 
ratios and for a local subject-matter is 
satisfied by formal-holistie operation. Pref- 
erence for ratios and for a universal subject- 
matter yields rational schemes. Rejection of 
ratios and preference for local subject- 
matter can be satisfied with formal-material 
holisties. But rejection of ratios and _ pref- 
erence for a universalized subject-matter 
constitute an extremely obscure class. These 
may be the men who _ practice holistic 
enquiries but persistently preach vague or 
arbitrary sermons about the need for syn- 
thesis, integration, or unity of the sciences. 

By contrast to such ordered structures as 
those of Einstein, von Neumann and 


others, an entirely ad hoc example is seen 
in the following: 


‘*. . . Thus in general, the spatio-temporal pat- 
tern of activity would be determined . . . by three 
factors: (i) the micro-structure of the neural net 
and its functional properties; (ii) the afferent 
input; (iii) the postulated ‘field of extraneous in- 
fluence’. . . 

“It can be claimed that no physical instrument 
would bear comparison with the postulated per- 
formance of the active cerebral cortex as a de- 
tector of minute ‘fields of influence’ spread over a 
microscopic pattern and with temporal sequences 
of milliseconds. The integration, within a few 
milliseconds, of ‘influence’ picked up at hundreds 
of thousands of nodes would be unique, particu- 
larly when it is remembered that the integration 
is no mere addition, but is exerted to modify in 
some specific way ‘a shifting harmony of sub-pat- 
terns’ of neuronal activity, achieving expression 
through the modifications so produced. 

“Thus, the neurophysiological hypothesis, is 
that the ‘will’ modifies the spatio-temporal ac- 
tivity of the neuronal network by exerting spatio- 
temporal ‘fields of influence’ that become effective 
through this unique detector function of the active 
cerebral cortex. . .”’ (Eccles, 1953, p. 277). 


Anti-principles 

The most conspicuous of anti-principles 
arise from and embody the familiar view 
that science ought to avoid principles all 
together (or may avoid them without loss) 
and be content to report the facts. What 
properly constitutes “the” facts then be- 
comes the covert issue of principle. The 
schism on this score creates two large de- 
partments. 

A third department arises from modern 
vestiges of the view that some things of 
this world are not lawful—or are otherwise 
insusceptible of scientific enquiry. 

“Laws of nature”. On the one hand, “the 
facts’’ take the form of “laws’’—algebraic or 
verbal equations whose terms are alleged to 
be in one-to-one correspondence with sense- 
experienced and _ ‘‘objectively” discrete 
aspects of the subject-matter. Thus, “the 
facts’ are the sensible covariances of 
measurable parameters. It should be em- 
phasized that the mathematics involved 
in such enquiries is treated as a system of 
notation or measurement. There is abhor- 
rence of the rationalist notion that mathe- 
matical functions express rational structures 
to which the world might be expected to 
conform. Indeed, anti-principle equations 
might well run to seven or eight powers 
were it not for the relative ease with which 
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one parameter can usually be split into two 
or three when the number of inflection 
points grows too big for comfort. Mach’s 
familiar strictures on Galileo constitute a 
case in point: 


‘In Galileo’s conception of the universe, the 
formal mathematical and aesthetical point of view 
predominates. . . . The planetary system had not 
yet taken the shape of a genuine physical problem 
for him.’’ (Mach, 1942) (Italics mine). 


This theme is addressed to Newton with 
even greater violence by Karl Pearson: 


“T have accordingly expressed my own views 
on the subject; these may be concisely described 
as a strong desire to see the terms matter and 
force, together with the ideas associated with 
them, entirely removed from scientific termi- 
nology, to reduce, in fact, all dynamics to kine- 
matics.’’ (Clifford, 1946, p. xiv). 


“Causes”. Elsewhere one finds ‘the 
facts” defined as antecedent-consequent 
“causation.” This way of enquiring differs in 
no important wise from the J. S. Millsian 
formula. The world is seen as a web of 
partial uniformities whose separate strands 
—of invariant antecedent-consequent rela- 
tions—are the only proper objects of 
enquiry. The webbing, itself, the frequent or 
invariant recurrence of N _  antecedent- 
consequent strands to constitute, e.g., a 
man or a swan, is treated as a locus of 
problems but not as a problem for enquiry. 

For the purposes of an etho-psychological 
study of the scientist, it is useful to note 
that the causal anti-principle is Millsian 
also in the fact that it invites the ‘““method 
of differences” in all its compact neatness 
as the basic experimental design. Indeed, 
both forms of anti-principles correspond to 
the textbook ideal of ‘‘the controlled ex- 
periment.” 

Adherence to this anti-principle in opposi- 
tion to concern for the webbing or whole as 
constituting the central problem of enquiry 
lies at the base of much of the perennial! 
strife over “teleology” in the biological 
sciences. It is rarely the case that “teleology” 
is, in fact, espousal of a notion of a con- 
scious “wisdom of the body” or a similar 
conscious wisdom on the part of birds or 
earthworms. Partisan attack will often so 
describe it, but the researches attacked 
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usually disclose only that the researcher has 
embraced a material-formal holism. He 
treats the distinguishable parts and _ proc- 
esses of the organism as matters fully 
understood only when 
constituting a whole, the organism. In 
Aristotelian terms, formal and final causes 
are identified: that which is the final cause 


-and that which is the formal cause are 


taken as the same—the mature organism; 
and an account of efficient and material 
causes is given in terms of the role or func- 
tion of, the service performed by, each 
efficient cause relative to the whole going 
concern. It is this account which is deemed 
“unscientific” by adherents to causal anti- 
principles. [In animal behavior studies (e.g., 
E. S. Russell) the opposition is made more 
poignant by translation of the “going” 
concern into one or several massive hormes, 
as food, nesting, mating, etc.] 

In attempting to identify studies guided 
by the causal anti-principle, it is important 
that it be not confused with concern for 
described or narrated facts in general. 
Publications consisting of ‘pure’ descrip- 
tion or narration are often preludes to 
studies whose controlling notion is quite 
otherwise. The most ‘teleological’? of em- 
bryological investigations may involve nu- 
merous publications of plates, drawings and 
verbal descriptions devoid of coherent 
interpretation in those particular papers. 


The same holds for accounts of animal 
behavior, individual and group human 
behavior, physiological and biochemical 


studies, which may be_ holistic, atomic 
reductive, or even rational in their com- 
pleted form. 

Finally, it should be noted that biologists 
and psychologists adherent to these anti- 
principles have an extremely hard time 
being faithful. The word and the notion of 
functon creep in time and again; so does 
“teleology” in the guise of ‘‘drive,”’ ‘“antici- 
pation,” “‘adaptive value,” ‘‘operant behav- 
iors.” I suspect that the anti-principled 
scientist’s losing struggle to defend his 
virtue is due to the exigent demands of the 
organism as a subject-in-fact. 

Particularities. One or another plausible 
distinction between what is matter for 
enquiry and what is insusceptible to scientific 
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investigation have been commonplaces of 
“philosophies of science’? since Aristotle. 
The line was early drawn between non- 
living material on the one hand, and life, 
human life, art and morals on the other, all 
the latter being distinguished as “free” in 
some sense where matter was “fated” or 
obedient to law. 

This location of the dividing line per- 
sisted through almost the end of the nine- 
teenth century. Physicians spoke up from 
the floor of Medical Society meetings to 
reject general statements about organisms 
and about disease as, gua general, contrary 
to fact. (Even Claude Bernard, apostle of 
positive science, was constrained at one 
point to describe the organism as held in 
lawful bounds only by the constraints of 
the physical environment.) And, of course, 
the free will of man was interpreted by 
many as placing human behavior, and 
especially the behavior of valuing, far 
beyond the limits of the investigable. 

It is often said that modern scientists 
make no such distinction, on the ground 
that the only persuasive demonstration that 
some class of matters is incapable of scientific 
investigation is the durable failure of efforts 
to investigate them. This is not the uni- 
versal view, however. The line has been 
moved up but not off. Sporadic but not rare 
expressions of scientisis now place it so as 
to mark off particular events, and espe- 
cially the particular human event (whether 
social or individual) as beyond the scope of 
scientific enquiry, however effective enquiry 
may be in dealing with classes of events. 

Some truth lies back of this, of course. 
The scope of an enquiry rarely includes the 
full richness of its subject-matter and what 


is omitted from its formulations is most 


vividly seen in the individual case which 
” be- 
“ause what is acting is something more 
complex than the subject-of-enquiry sub- 
sumed in the “law” in question. It is also 
the case, however, that, quickly or slowly, 
enquiries expand their purview to include 
more and more of the details which con- 
stitute their subjects and there is no sub- 


stantial reason to suppose that this ex- 
pansion has limits (sub-atomic particles 


excepted) prior to the limits of the subject- 
matter itself. We shall further discuss this 
aspect of enquiry later, under the -heading 
of ‘‘Validity.”” Meanwhile, we must leave a 
place among the ranks of the “‘anti-prin- 
cipled” for the view that science should not 
spend its substance on certain problems 
because they are incapable of solution. A 
case in point is Franz Boas: 


“ . . it seems justifiable to question whether 
any generalized conclusions may be expected that 
will be applicable everywhere and that will reduce 
the data of anthropology to a formula which may 
be applied to every case, explaining its past and 
predicting its future. 

“TI believe that it would be idle to entertain 
such hopes. The phenomena of our science are so 
individualized, so exposed to outer accident that 
no set of laws could explain them. It is as in any 
other science dealing with the actual world sur- 
rounding us. For each individual case we can ar- 
rive at an understanding of its determination by 
inner and outer forces, but we cannot explain its 
individuality in the form of laws... . 

‘In short, the material of anthropology is such 
that it needs must be a historical science, one of 
the sciences the interest of which centers in the 
attempt to understand the individual phenomena 
rather than in the establishment of general laws 
which, on account of the complexity of the ma- 
terial, will be necessarily vague and, we might 
almost say, so self-evident that they are of little 
help to a real understanding.’’ (Boas, 1955, pp. 
257-8). 


Primitive principles 

John Dewey pointed out that one of the 
origins of knowledge of subject-matters 
(scientific knowledge) is in the effort to 
codify and extend knowledge of ways and 
means (common-sense knowledge). This 
partial dependence of science on common 
sense is usually conceived as expressed in 
only two contexts: historically, in the sense 
that the origin of science as an enterprise is 
thus explained; and sociologically, in the 
sense that social approval and disapproval 
of scientific enquiries via the status ac- 
corded, financial support afforded or with- 
held and so on, go far toward determining 
what enquiries proceed and which are re- 
tarded or stopped. 

In point of fact, however, there is a third 
expression—an ontogenetic repetition of 
phylogeny. Immature sciences and sciences 
in moments of frustration and regression 
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often refresh their enquiries by renewed 
contact with the earth of common sense. 
Conceptual frames which never were or 
which seem to be exhausted are replaced by 
numerous ad hoc investigations framed in 
the terms of the queries which would nor- 
mally speak to practical problems. 

For example, one current investigation of 
cancer discards all conceptions of the micro- 
chemistry and biology of the cell in favor of 
ad hoc tests of the effects of an array of 
chemicals chosen almost at random. Political 
scientists ask such question as, ‘What 
filiations and adhesions are correlated with 
the voting behavior of such-and-such 
group?”; “How did Smith reach his present 
position of power?”’; ‘‘Who actually controls 
such-and-such?”. Thus scientists ape the 
questions men ask in order to plan a political 
campaign, a personal career or other efforts 
to get one’s way. Studies of small groups in 
terms of what will increase the efficiency of 
workers and their loyalty to management is 
another case in point. So also some studies of 
learning in terms of the enhancement of 
scholastic achievement. 


On “models” and “model-building” 


“Model” and ‘model building’ are cur- 
rently words with which to conjure, though 
not yet, like God and Game Theory, spelled 
with upper case initials. Their referents add 
little to the scheme of principles so far de- 
scribed but require comment nonetheless 
since they represent emphases which bestow 
some advantages on enquiries; under certain 
circumstances. 3 

A heterogeneity of four. activities and 
devices are found labeled as models by 
enquirers. Two of them instance or ap- 
proximate the use of rational principles; 
one represents the attempt to incorporate 
the fruits of an enquiry into deductive 
structures; the fourth is simply the self- 
conscious use of plausible analogies. 

Rational models. Full and explicit use of 
rational structures as ‘‘models’’ is exempli- 
fied by the attempt to relate any large 
scale mathematical structure, such as Game 
Theory or a probabilistic calculus, to a 
body of phenomena. Thus, the activity is 
pretty much the same as Einstein’s applica- 


SCHWAB 


tion of Reimannian geometry to space, 
including the premises underlying that 
application, the operations required, and 
the fruits which accrue. 

The premise concerns the mathematically 
ordered or orderable structure of the phe- 
nomena in question. Either the world is 
ordered in this way or it is heuristically 
valuable to constrain those portions of it 
which will so submit to the structure of a 
logical scheme. 

The operations involved are simply 
describable but extremely difficult in prac- 
tice. Factors are sought in the subject- 
matter which can be assigned as the referents 
of some of the terms of the mathematical 
structure. By this means, the theorems (and 
corollaries thereof) of the mathematical 
structure are transformed into existential 
assertions. The truth or falsehood of these 
existential assertions are then tested. If the 
tests reveal that the effort is entirely suc- 
cessful, we now have a demonstrated theory 
of the rational kind. If the effort is partially 
successful, either of two alternative pro- 
cedures may ensue. On the one hand, there 
‘an be an effort to discriminate that aspect 
of the subject-matter which conforms to the 
rational structure, to distinguish it by 
definition from that which does not. conform, 
and to retain the fitted and its fitting struc- 
ture while relegating the remainder of the 
subject-matter to an agenda of future en- 
quiry. On the other hand, there may be an 
effort to modify the rational structure itself 
so as to adjust it to the subject of interest. 
(The choice between these two procedures 
is involved in decision points 4 and 5 to be 
described later). If the effort is a failure, 
the investigator may try some other ra- 
tional structure. 

A successful effort of this kind has pre- 
cisely the value which an investigator may 
assign to rational structures. If he prefers 
them above all others, the effort constitutes 
a great new synthesis. If he does not ap- 
prove, he will demand that the rationalist 
investigator ocularly demonstrate the exist- 
ence in fact of measurable entities corre- 
sponding to all the terms of the rational 
scheme. In either case, however, it is de- 
sirable to note that the use of a ready-made 
mathematical structure has the advantage, 
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if it works, of presenting by a single coup 
a great number of inferred consequences of 
the implied hypothesis. 

Miniature use of rational models is seen 
in efforts to fit some part or aspect of 
known data to a standard form of algebraic 
or differential equation, or other small-scale 
scheme of related symbols. This activity is 
usually undertaken (e.g., bio-mathematics) 
with the same valuation in mind as in the 
full-scale case. If the effort is successful it is 
usually followed by the second alternative 
described above. That is, the investigator, 
having achieved a mathematical first ap- 
proximation to known data, now attempts 
a more adequate approximation. 

Imposition of deductive structures. Model- 
ing of a different kind can be invoked near 
the termination of a course of enquiry. A 
subject-matter having been defined and a 
few general terms discriminated, numbers of 
pairs, triplets or slightly larger sets of more 
specific terms will be devised independently 
of one another and the entailed enquiries of 
ach set pursued independently. 

The aggregate of these several researches 
may then be brought together and the 
services of a logician or analyst requested. 
His task is to determine whether the com- 
pendium of terms, ‘‘laws,” conclusions, etc., 
is capable of rearrangement in the form of a 
deductive system and to develop such a 
system if it is possible. (E.g., Clark Hull.) 

The advantages which may accrue to 
such an undertaking are three. First, a 
specialized training is invoked which may 
be better able to detect ambiguity or 
vagueness in the terms of the enquiry than 
was the original investigator. Second, in- 
coherence among the terms or contradic- 
tions among their containing propositions 
are likely to be identified. Third, inferences 
may be derived whose purports imply new 
experiments which might not otherwise 
have been envisaged. Needless to say, these 
outcomes are valuable. Whether a logician 
is likely to be inclined to undertake such a 
task after the fact of conception and ensuing 
enquiry is another matter. His position is 
almost as bad as that of the statistician 
whose help is sought only after the experi- 
ments are done and the data collected. 

Self-conscious trials of analogies. When 


new principles are required in a field of 
enquiry, they are usually sought from two 
sources. They may be borrowed from 
another field (preferably a “neighboring” 
one). They may be devised by a variant 
specification of a general and common idea, 
such as that of “‘particle.”” Both sources are 
common. Both are entirely legitimate. 

In the past few years, use of the first of 
these sources has been dignified by calling 
it model-making or -seeking. Thus a phys- 
iologist proposes that a society or culture be 
treated as if it were an organism. A social 
scientist may try to examine an area in 
which two peoples have come into extensive 
contact by asking whether the biological 
phenomenon of hybrid vigor, “heterosis,” 
has a social analogue. Neuropsychological 
investigations are instigated in terms of 
computing machines and their functions, 
and so on. 

The advantages of such a procedure are 
the advantages which accrue from seeking 
and finding any new terms of enquiry—when 
they are needed—whatever we may call the 
search. There is even an advantage in 
pursuing the search self-consciously: we look 
systematically for new and likely terms. 
There is also a disadvantage: a pretentious 
new name for the process may cast such an 
aura of prestige that the search for new 
terms is pursued when new terms are 
neither necessary nor desirable. 


CRITERIA FOR THE JUDGEMENT OF 
PRINCIPLE (DECISION POINT 2) 


Principles for enquiry are not, of course, 
accepted out of hand by the scientific com- 
munity. Nor are they usually private in- 
ventions privately used. On the contrary, 
they are required to be presented to the 
community where they are scrutinized, 
debated, and then accepted or rejected for 
the more searching and expensive test 
which consists of their use in enquiry. 

The arraignment of principles for debate 
is commonly instigated from one of two 
sources. On the one hand, no principle may 
have proved of extensive and durable worth 
in the field thus far. In such a case, numerous 
principles and numerous proponents of 
principles will compete for the attention and 
approval of the participating community. 
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This situation is, so far, continual in the 
methodenstreit disciplines: psychiatry, psy- 
chology, sociology, political science. One 
hesitates to assign a number to the variety 
of conceptions of the person, of learning, of 
society and of political action now in use. 

In other fields, such crises are recurrent 
rather than continual. New phenomena are 
discovered; the effectiveness of an old set, 
of principles has been exhausted; a current 
set has been effective enough to reveal com- 
plexities in the subject-matter which the 
revealing principle cannot encompass. In 
such crises, new principles are proposed or, 
more often, revisions and emendations of 
existing principles. 

Thus, in 1919, E. M. East meets an 
alleged inadequacy of the Mendelian con- 
ception of the apparatus of heredity. 
Biologists assert that the Mendelian scheme 
must be discarded since it cannot take ac- 
count of characteristics of a species which 
exhibit continuous variability. East re- 
sponds by exhibiting the genic apparatus as 
a mechanical model of the expansion of the 
binomial and the normal curve as the limit 
of such an expansion. In two beautifully 
designed papers, he then shows that these 
notions, together with a few corollaries, 
enlarge the then-current view of the gene 
mechanism so that it can encompass 
“blending” characters as well as those which 
fall into a few discontinuous classes. More 
recently, inadequacies of the notion of 
dominance-recessiveness in genetics are 
remedied by the added notion of penetrance. 
The Lorentz note on the Michelson-Morley 
experiments is a more drastic case in point. 

The documents which propose prin- 
ciples or their revision and the critical 
statements which the proposals generate 
show the existence of four major criteria by 
which judgments are made. 

The four criteria are: interconnectivity, 
adequacy, feasibility, and continuity. Inter- 
connectivity concerns the extensive domain 
of subject-matters subsumed by the pro- 
posed principle. Adequacy concerns its 
intensive domain, the degree of complexity 
or “completeness” with which the principle 
subsumes the details of the subject-matter. 
Feasibility concerns the ease, economy, pre- 
cision, and consistency with which the data 
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required by the principle can be collected. 
Continuity concerns the ease or difficulty 
with which the new principle can be made 
to contain the bodies of knowledge previ- 
ously formulated in other sets of terms (i.e., 
by translation or by subsumption as a 
special case). 

The referent qualities named by these 
criteria are not exclusive of one another 
nor are they often treated as if they were. 
Hence, at this decision point, unlike the 
first, preference is not for one as against the 
others nor is preference usually shown by 
attack on other criteria. Instead, choice is 
exhibited as a rank-ordering or weighting of 
the four. In proposing statements, weighting 
is seen in what the author presents as the 
advantages to future enquiry of his pro- 
posed principle and in those possible effects 
on the ensuing enquiry on which he is silent 
or brief. Among critical statements, the 
weighting is seen in the character of the 
shortcomings which are selected for attack 
and in the advantages which are alleged as 
reasons for acceptance. 


Interconnectivity 


Emphasis on interconnectivity is seen 
clearly and briefly in the following: 


“Not infrequently it has been stated that 
theories which merely explain known facts are of 
no particular value. I cannot agree with this view. 
Particularly if the theory combines into one 
logical system known facts which previously had 
to be treated by separate theories; it would have 
a definite advantage as an organizational de- 
vice... .’’ (Lewin, 1951). 


A major emphasis on interconnectivity is 
seen in Einstein’s argument for field theory 
as against classical mechanics and suffices 
to exhibit the character of this criterion: 


‘In spite of the fact that today we know for 
certain that classical mechanics breaks down as a 
ruling basis for the whole of physies, it still stands 
in the center of physical thought. The reason for 
this lies in the fact that .. . we have not yet ar- 
rived at a new basis for physics from which we can 
be certain that the entire manifold of investigated 
phenomena and successful special theoretical sys- 
tems can be logically deduced... . 

“To the attempt to make mechanics funda- 
mental to the whole of physics, light and elec- 
tricity present insurmountable obstacles. This 
leads to a field theory of electricity and beyond 
this to the attempt to base the whole of physics 





on tl 
mine 


A 
othe 
(pos 
chol 
resp 
ters. 
and 
Oce: 
T 
nect 
whi 
ecol 
stru 
cert 
agai 
qua 
and 
for 
simi 
sub; 
give 
foci 
nee! 
be 
ence 
pris 
pra 
bou 
one 
S 
the 
the 
scie 
ste] 
whi 
seve 
the 
Ber 
phy 
mec 
to tl 
1 
the 
Luc 


tow 
Thi 
evel 
ack 
ent: 
scie 





=: =. = 





Wuat Do Scientists Do? 15 


on the concept of field... . (Einstein, 1936) (Italics 
mine). 


A high ranking of interconnectivity over 
other criteria appears to stem from three 
(possibly four) sources which may be psy- 
chologically independent. These sources are, 
respectively, a sensitivity to subject-mat- 
ters, a sensitivity to processes of enquiry, 
and what appears to be a_ generalized 
Oceanic state. 

The first is seen in pleas .or intercon- 
nectivity (“‘interdisciplinary approaches’’) 
which argue, for example, for a psycho-social 
economics because of the influence of status 
structure, wants, etc., on the market; or for 
certain dynamic theories of personality as 
against others because of the need ade- 
quately to recognize the roles of culture 
and society on personality formation; or 
for a psychological political science for 
similar reasons. Arguments responsive to 
subjects come frequently from persons who 
give some of their time to the executive 
foci of the investigative disciplines: engi- 
neers, statesmen, and physicians. This is to 
be expected, for in these professions men 
encounter subject-matters in a more nearly 
pristine state. The constituent matters of 
practical problems rarely conform to the 
boundary lines which insulate them from 
one another in the milieu of enquiry. 

Similar arguments which are not quite 
the same are seen in pleadings which carry 
the Durkheimian need for a self-sufficient 
science with a peculiar subject-matter one 
step further; they speak for principles 
which will unite the subject-matters of 
several sciences under the aegis of one of 
them as queen of the sciences. Claude 
Bernard’s notion of the proper dominance of 
physiology over anatomy, pathology, and 
medicine is a case in point. (An Introduction 
to the Study of Experimental Medicine.) 

The argument from commitments about 
the character of enquiry is exemplified by 
Ludwig von Bertalanffy: 

‘‘Modern science is characterized by the trend 
toward continually increasing specialization. 
This development is unavoidable in view of the 
ever-increasing amount of facts. ... It is generally 
acknowledged, however, that this specialization 


entails grave dangers for the development of 
science. ... 


“On the other hand, the modern development 
in the various sciences shows a remarkable paral- 
lelism in basic viewpoints and constructs. This 
parallelism . . . indicates a hitherto unsuspected 
unity of the modern world-picture, and a uni- 
formity of isomorphy of constructs and laws in 
different fields. 

‘In view of these facts, the present author 
has proposed a new basic |{sic] discipline, called 
General System Theory, which aims at estab- 
lishing those principles which are common to, 
and thus applicable in various fields of science 
from physics to biology to psychology or to the 
social sciences.’’® (Undated Mimeo) 

In recent years, such arguments are com- 
moner among philosophers, especially logi- 
calists, than among working scientists. 

The Oceanic plea for interconnectivity 
seems to depend for evocation on no specific 
occasion in either the relations of subject- 
matters or of enquiries. The argument is of 
the form: The World is One; therefore, 
Science should be One. And unity is sought 
as much for literary criticism and biology as 
for, say, psychology and neurology. The 
argument is indigenous to history but oc- 
casionally seen in other disciplines. 

A class intermediate between the Oceanic 
and the subject-matter sensitive is repre- 
sented by such items as a plea by a psy- 
chologist to base literary criticism on 
psychological principles; by a physiologist to 
base ethics and politics on the behavior of 
cells and tissues; by sociologists to as- 
similate history to sociology. I have tended 
to treat these as vulgarities irrelevant to 
enquiry. 

This may be an error. The poignancy or 
pointlessness to us of a given plea for inter- 
connection depends on the extent to which 
we see the subjects involved as related or 
irrelevant. This, in turn, depends, not on 
the facts objectively given by the subject- 
matters, but upon the state of enquiry at 
the time. That is, related or ‘‘neighboring” 
fields are those which, literally, have been 
related by enquiry. They are the fields be- 
tween which the terms of enquiry (or the 
terms for solving practical problems) have 
already managed to establish a few connec- 
tions. And “irrelevant”? subject-matters are 

8 Similar comments may be found in papers 
by von Bertalanffy in The British Journal for 


the Philosophy of Science, 1950; Human Biology, 
December, 1951. 
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those for which connective terms have yet 
to be devised. Hence, the Oceanic pleader or 
the pleader for connection between such 
‘remote’ areas as ethics and physiology 
may well be a man who sees farther into a 
possible future than we do. 

This point also bears on the problem of 
estimating the ranking of interconnectivity 
relative to other criteria in a given science 
at a given time. For, where some connective 
principles between the field in question and 
another do not exist, the scientists in that 
field who put a high value on interconnec- 
tion lack channels for exhibiting their 
preference. Thus, a good judgment of the 
ranking of interconnectivity as a criterion 
must be made by reference to the actual 
interconnections which exist at the time the 
enquirer is exhibiting his argued preferences 
among principles. 


The criterion of adequacy 


Where the interconnective potency of a 
principle bears on the relations established 
among subject-matters the adequacy of a 
principle refers to the connections it makes 
within the immediate subject-matter, to the 
“completeness” or complexity with which it 
identifies components, factors, variables, 
and promises to establish satisfactorily 
complex connections among them. Thus 
Clark Hull (1932, p. 43) praises the ‘“‘goal- 
gradient hypothesis”’ : 


“It is hardly accidental that a single principle 
should be able to . . . integrate such diverse 
phenomena as the choice of the shorter path, 
Weber’s Law, the elimination of blind alleys, the 
order of their elimination, the rate of locomotion 
through the different portions of a maze, the 
short-circuiting of symbolic-act sequences, and 
the origin of ideomotor action.”’ 


So, similarly, does Koffka (1922, p. 544) 
argue for the notion of ‘figure’; 


“Very good, you may say, but what is the ad- 
vantage of this new way of describing simple 
experience? It seems on the face of it so much 
more complicated, so much less systematic, than 
the old way. This, indeed, is a fundamental 
question, but it cannot be answered by arguments 
—only by facts. It must be shown that in all 
fields as well as in the field of choice-training 
(Wahldressuren) this new description explains 
the facts of experience more easily and better 
than they can be explained by the traditional 


” 


view. > 
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Enquirers see a need for more ‘‘adequate”’ 
principles in three sources. First, it is seen 
in the subject-matter as currently known 
through existing principles: e.g., that the 
notion of independent ‘‘traits” is inadequate 
to the interactive character of problem- 
solving competence; that mass and charge 
are inadequate to represent the differences 
among fundamental particles, and so on. 

Second, it is seen in what is not known 
about the subject-matter, i.e., in problems 
formulable in the currently orthodox terms 
but not solvable therein, as when, for 
example, ‘‘contradictory”’ or incoherent re- 
sults are obtained. Such an inadequacy 
occurs in a physiology pursued in terms of 
single-function organs which discovers an 
organ with two functions, or in the ‘‘para- 
dox”’ of an a judged equal to b and a b 
judged equal to c when a is judged greater 
than ¢ (e.g., Stumpf’s paradox.) 

Third, and much more radically, it may 
be seen in the possibility of posing new 
problems and addressing novel questions to 
a subject-matter: the Lorentz suggestion of 
dependency between velocity and length; 
studies of emotional determinants of sus- 
ceptibility to infection; the Haldaneian 
effort to ask what changes in a supposedly 
stable anatomy and biochemistry can be 
brought about as adjustments to radical 
and persistent environmental changes; ef- 
forts to investigate alteration of a supposedly 
stable intelligence quotient. 

Among these three sources there is a 
suggestion of a conservatism-freedom scale, 
the first being most conservative of existing 
principles. This property may be relevant 
in an investigating scientist’s prejudices. 

It should be remarked that discrimination 
of adequacy and interconnectivity is rela- 
tive to the state of enquiry in much the 
same way as is the notion of ‘“relevant”’ or 
“neighboring” fields. Whether the failure 
of an existing principle is a failure in inter- 
connectivity or in adequacy is a question of 
whether elements left unrelated by that 
principle are understood as parts of ‘‘one”’ 
subject-matter or of ‘two,’ and this is a 
function of the principle or principles opera- 
tive at that time. Thus, at one point in the 
psychological literature, ‘individual be- 
havior” and “social behavior” are spoken 
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of as independent fields requiring some 
measure of interconnection. Later, ‘similar 
matters are named as aspects of a single 
“subject”? whose mutual dependencies re- 
quire more thoroughgoing investigation. 
Adequcy and interconnection require dis- 
crimination, nevertheless, for debate con- 
cerning competitive principles does, in fact, 
occasionally turn on the relative weighting 
of these two criteria. 


The criterion of feasibility 


Little need be added to the remark that 
feasibility concerns the ease, cost, precision 
and reliability with which the data required 
by a principle can be collected. In many 
cases, this is only a matter of pointing to 
ways in which familiar techniques and in- 
struments can be adapted to the new 
purpose. In other cases, unfamiliar forms of 
data, new experimental patterns, or new 
devices are required. It is in the second kind 
of case that differences in weighting of 
feasibility as against other criteria become 
most visible. On the one hand, high cost in 
time or money, the unproved accuracy of 
new devices, and so on are given as reasons 
for rejection of the principle. On the other 
hand, the defending or proposing document 
may consist in large part of efforts to dis- 
claim such handicaps or, better, to remove 
them by reporting success in overcoming 
them. 

The papers of EK. M. East, mentioned 
earlier, constitute a case in point. It is a 
curious commentary on the biologists of the 
time that what East proposes is not new. 
The conceptions themselves and the greater 
adequacy they would confer on enquiry 
into genetics are visible even in Mendel’s 
original paper. Still other papers have 
already reasserted the same points. The 
inajor contribution of East is to exhibit the 
feasibility of the conceptions, or, rather, to 
make them feasible by explaining precisely 
where and how to use them. He explains 
the significance of certain parameters of a 
frequency distribution as data of inheri- 
tance. He explains what new kinds of 


crosses and breeding patterns are required, 


why they are significant and how the result- 
ing data are to be interpreted. This is done, 
not by a pure exploration of the conception, 


its corollaries and their consequences but in 
the context of two full-scale researches 
which are nothing more nor less than ex- 
hibitions of the fact that the data required 
by the conceptions can be collected and 
interpreted. In effect, these papers exhibit 
the weight put by East’s audience on 
feasibility, or, conversely, the weight which 
East puts on adequacy. (Here, as in the 
case of the sources of inadequacy, a con- 
servative-free factor is suggested. East is 
ready to abandon or change current notions 
of the meaning of breeding data, and cur- 
rent experimental patterns and learn a 
little statistics; his audience is reluctant.) 


The criterion of continuity 


This criterion brings into even sharper 
relief the role of a conservative-free factor 
operative in the weighting of criteria. The 
notion of continuity concerns the extent to 
which new principles arise from or can be 
connected with extant principles; and, con- 
sequently, how readily the knowledge ac- 
cumulated in terms of older principles can 
be assimilated to the knowledge which may 
arise in terms of the new. Insofar as the 
new principle departs radically from the 
old, there is scope for the play of a con- 
servative-free factor. For the advantages of 
a new principle lie in future enquiry and 
new knowledge and these advantages, in the 
case of principles which are radical de- 
partures, are costly as far as existent 
knowledge is concerned. The old knowledge 
may require extensive reformulation. Ex- 
tensive re-education and sweeping rewriting 
of textbooks and monographs may need 
to be done. And some failure of communica- 
tion between two generations of investiga- 
tors may have to be accepted. 

Among the weightings and oppositions 
of these four criteria, two are conspicuous 
as foci of conflict among enquirers. One 
consists of continuity and feasibility taken 
together and opposed to adequacy and 
interconnection. The other consists of inter- 
connectivity alone as object of exceedingly 
passionate loyalty and equally passionate 
attack. 

There is also noticeable connection be- 
tween interconnectivity and certain choices 
at the first decision point. High ranking of 
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interconnectivity and preference for atomic 
reductions or rationals are often seen to- 
gether; there is negative correlation with 
choice of formal-material wholes. These 
relations are to be expected since scope for 
interconnection is provided by the first 
two and excluded by the latter. It is interest- 
ing, however, that interconnectivity is 
more frequently linked to rationals than 
to reductives, since it would appear as if 
either would serve the purpose. 


RELIABILITY-VALIDITY (DECISION 
POINT 3) 


An effectively instrumental principle of 
enquiry must almost always include a series 
of terms of decreasing comprehensiveness 
and increasing specificity of connection 
with the data-yielding components of the 
subject-matter. The invention and debate 
we have so far discussed concern themselves 
mainly with the higher terms of the series. 

We are now concerned with what happens 
in the choice of the lower terms of the 
series. The more/ general jterms of a series 
limit but do not wholfy determine the 
“lesser” terms. For txample, a conception 
of organism and of structure and function 
may be developed and accepted with no 
specified scheme within which to discrimi- 
nate one structure from another—or there 
may be two or more alternative schemes. 
Hence, different executors of specific re- 
search programs must usually develop or 
choose different sets of lower terms with 
which to work, even though they are operat- 
ing within the same general scheme. Each 
of these choices will usually be defended as 
most efficacious of the available alterna- 
tives for guiding successful enquiries, the 
issue turning on different weightings of 
two criteria of ‘success’: reliability and 
validity. 

Reliability stands for the following 
cluster: the extent to which the terms of a 
research program are free of vagueness and 
ambiguity; the extent to which the refer- 
ents of the terms are given distinct and 
unequivocal location and limit; the extent 
to which the manipulations and measure- 
ments indicated by the terms can be under- 
taken with precision and repeated with 





uniform consequences. This is one ideal of 
enquiry. 

Validity stands for a less easily speci- 
fiable property: the extent to which the 
terms of a research program approximate 
to the presumptive richness and complexity 
of the subject-matter; the extent to which 
abstraction, in its sense of simplification 
by removal from context, is eschewed as a 
species of cheat. This is a second ideal of 
enquiry. (It includes adequacy and intercon- 
nectity but in opposition to reliability.) 

Reliability and validity thus name two 
obligations which scientists, collectively, 
recognize as co-ordinate and complemental. 
One concerns the knowledge produced. 
The other concerns the subject of that 
knowledge. On the one hand, the scientist 
is responsible for making conclusions which 
are as clear, dependable and precise as the 
state of his art permits. On the other hand, 
he is responsible for seeing to it that the 
subjects and predicates of these conclusions 
—the central emphases of his enquiry— 
be as “‘telling’”’ as possible, that they repre- 
sent as much of the extent and complexity 
of the subject as the state of the art permits. 

The contrast of the two is seen through- 
out the fields of enquiry. One_ biologist 
restricts the meaning of ‘sexual act’ (in 
the human male) to an ejaculation and 
proceeds to count their frequency and to 
characterize their circumstances by _ refer- 
ence only to the age, sex and species of the 
partner, if any. Another includes fantasies 
as well as overt movements, searchings as 
well as satisfactions, symbols as well as 
actual objects; and characterizes the cir- 
cumstances of the act in terms of interper- 
sonal components such as possessiveness; 
guilt, anxiety and shame; dominance- 
submission; fusion and confusion of iden- 


tities. One ethnologist examines friendship - 


by reference to the number of hours per 
week which each member of a group spends 
with one other, two others, ete. A second 
proposes a study in terms of the needs 
which are satisfied by association, the 
activities used as the occasion for associa- 
tion, the frequency and intensity of jeal- 
ousy, possessiveness, sacrifice, ete. One 
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neuropsychologist seeks only those brain 
defects whose consequence consists of total 
disappearance of named activities. Another 
seeks those which result in quantitative 
changes of qualities of activities which as 
yet have no name. ; 

While scientists collectively recognize 
both these obligations and their bearing 
on one another (unreliable knowledge of 
something important and _ well-verified 
knowledge of the trivial being but two ways 
to make “knowledge” worthless), scientists 
individually put grossly different emphases 
on one or the other. And no other decision 
point in enquiry gives rise to so sharp and 
unfortunate a division of enquirers into 
opposed and uncomprehending camps. To 
many validists, the reliableist is a man 
without imagination or one of timorous 
caution, or one who deliberately pursues 
unexceptionable and frequent exhibition 
of “research activity” while others take 
on the difficult tasks. To many reliableists, 
the validist is unsound or romantic; unap- 
preciative of rigor and precision as the 
marks of science; too easily moved by the 
vague claims of commonsense; unskilled 
in the use of Occam’s razor. 


Some of this blind opposition arises 
from conditions of work and enquiry, 


especially on the reliableist side. A subject- 
matter simplified in the interest of reliabil- 
ity is not simplified merely in thought. 
It is a genuine article, an artifact of the 
laboratory or field, created by controlling 
the conditions of enquiry. The facts ig- 
nored in conception are suppressed or held 
constant in fact. Otherwise, the reduction 
in validity would have no consequent in- 
crease in reliability. 

Since this relatively invalid subject of 
enquiry does exist and in those places 
where the scientist spends most of his 
time, it is easy for him to become habitu- 
ated to thinking about his named subject 
(learning, ‘society,’ ‘“‘culture’’) only 


in the restricted terms of his research. It 
is almost as easy for him to come to be- 
lieve in all sincerity that factors omitted 
in his created version of the subject but — 


claimed by others to exist are products of 
those others’ fancy or gullibility. 

Some of the extremism on the validity 
side also has circumstantial origins. Physi- 
cians, teachers, social workers and other 
engineers are brought, willy-nilly, into 
contact with unsuppressed and uncon- 
trolled complexities of subject-matter which 
their investigative sciences may have per- 
force ignored. The contrast is dramatic 
and, under the circumstances, very likely 
to be seen invidiously. In general, it will 
appear as the failure of scientific theory 
to “work.” This failure and its significance 
for the engineer leads easily to the con- 
viction that what was bought at this price 
—the reliability—is relatively worthless. 
When the engineer is also an enquirer or 
when the enquirer is in intimate contact 
with the engineer (as in the case of medicine 
generally and psychotherapy especially) 
this invidious comparison carries over from 
practice to enquiry and colors the agent’s 
view of his research. 

Yet, many of the extremists in both 
camps are hard to account for in this way. 
They appear to be temperamentally as 
well as circumstantially dedicated to mini- 
mizing one or the other of the two criteria 
rather than to maximizing the one they 
praise. On the reliability side, for example, 
one finds many scientists who go well 
beyond persistent use and defense of their 
particular, simplified version of the subject. 
They spend time, words, and energy ac- 
tively denigrating more complex versions 
and actively criticizing co-workers who 
value validity more. Whether or not a 
temperamental preference is involved, a 
high level of anxiety certainly appears to be. 

The division of enquirers between these 
camps is so nearly equal, and each of the 
ideals is so strongly held, that open attack 
by one or the other is as rare in the printed 
literature as it is common in the bar and 
bedroom post-mortems of scientific meet- 
ings. Rather, the division is exhibited mainly 
by flying the flag of one’s choice. Thus, B. 
F. Skinner (1938): 


‘*. .. In English, for example, we say that an 
organism sees or feels objects, hears sounds, 











90 JOSEPH J. SCHWAB 


tastes substances, smells odors and likes or dis- 
likes them; it wants, seeks and finds; it has a 
purpose, tries and succeeds or fails; it learns and 
remembers or forgets; it is frightened, angry, 
happy, or depressed; asleep or awake; and so on. 
Most of these terms must be avoided in a scientific 
description of behavior. . . 

«¢ . . Thus the term ‘try’ must be rejected be- 
cause it implies the relation of a given sample of 
behavior to past or future events; but the term 
‘walk’ may be retained because it does not. The 
term ‘see’ must be rejected but ‘look toward’ may 
be retained... .”’ 


Kurt Lewin (1951) answers: 


“The psychologist . . . finds himself in the 
midst of a rich and vast land full of strange hap- 
penings: there are men killing themselves; a child 
playing; a child forming his lips trying to say his 
first word; a person who having fallen in love and 
being caught in an unhappy situation is not willing 
or not able to find a way out; .. . there is the 
reaching out for higher, and more difficult goals; 
loyalty to a group; dreaming; planning. 
Psychology is out to conquer this continent... .”’ 


The same near-equal force of the two ideals 
leads often, in print, to assertion that the 
other’s love, though it be not lovable to me, 
is yet to be respected. Thus Clark Hull 
(1932): 


‘‘Now for certain rough practical purposes, the 
custom of naming action sequences by their goals 
is completely justified by its convenience. It 
may even usefully be employed in theory con- 
struction, provided the theorist is alert to the 
naturally attendant hazards. These appear the 
moment the theorist ventures to draw upon his 
intuition for statements concerning the behavior 
(movements) executed by the organism between 
the onset of a need. and its termination through 
organismic action. 

“‘An ideally adequate theory even of so-called 
purposive behavior ought, therefore, to begin 
with colorless movement and mere receptor im- 
pulses as such, and from these build up step by 
step both adaptive behavior and maladaptive 
behavior... .”’ 


In general, the printed expression of the 
schism takes the form of avowing both 
validity and reliability as goods of science 
but moving thence to assertion that. one 
of them is best attained, like the Blue 
Bird, by pursuing the other. 

What exception there may be to tem- 
perate statement in print arises from the 
slight but undoubted advantage of re- 
liability over validity as a status source for 


contemporary American scientists (except- 
ing physicists and psychiatrists). A validist 
shares slightly but definitely the askant 
position of the intellectual, the possessor of 
moral principles, and the unmarried, adult 
male. 


STABLE VS. FLUID ENQUIRIES 
(DECISION POINT 4) 

Once a set of terms for enquiry in a field 
has been debated, pretested and settled on, 
there is usually the opportunity (and the 
need) to exploit the terms as a program for 
numerous researches aimed at conclusions 
about this and that and another instance 
of the phenomena to which they apply: 
a thousand primitive societies to be asked 
the agreed-on set of queries; hundreds of 
classes, subcultures and regional isolates 
of a highly structured society; the genetics 
of any number of characteristics of any 
number of plant and animal species to be 
discovered; the structural’ formulae of 
an entire encyclopedia of organic com- 
pounds. 

Research of this kind may be pursued 
with either of two distinct aims in view. 
On the one hand, attention may be focused 
exclusively on the subject-matter itself— 
the cultures, genetic characters, organs, 
functions, and so on. The terms, as terms, 
are ignored, especially those which stand 
for the subject-of-enquiry itself. The fact 
that the terms are tentative—perhaps in- 
complete, perhaps inappropriate—and to 
be tested by determining how and where 
they fail in the course of detailed enquiries 
is not permitted to divert the investigator 
from his interest in the subject-of-enquiry 
taken as subject-in-fact and from his hope 
of positive conclusions about it. This is to 
be called stable enquiry. 

On the other hand, after the invention 
and pretest of terms through debate, there 
must be extended test of the principle 
by practice. The extended test involves the 
pursuit of data and the formulation of con- 
clusions as do researches of the stable sort, 
but experiments are performed, data educed 
and interpretations tried in order to test 
the terms in which the enquiry is pursued. 
The subject-of-enquiry is taken as a prob- 
ably imperfect image or model of some 
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supposed subject-in-fact and research in 
the terms dictated by the _ subject-of- 
enquiry is pursued with the aim of dis- 
covering and repairing its inadequacies 
and limitations: whether the subject will 
speak to the problem as posed; whether 
the data required can be elicited with the 
necessary accuracy; whether data will 
be found for which the terms of the enquiry 
cannot give an account. This, I call fluid 
enquiry. 

Enquiries pursued as search for ‘con- 
clusions” may, in many cases, be utilized 
by others for this second function, but, on 
the whole, significantly different behavior 
is required of the scientist in each of the 
two cases. Stable enquiry lends itself to 
segmental structuring. Discrete research 
programs of relatively short duration can 
be formulated. One may select for investiga- 
tion those particular members of the set 
defined by the principle (e.g., organs, traits) 
which will cause the least trouble; in genet- 
ics, for example, hair color, a sixth digit, 
web feet, which are easily identified either- 
ors, as against corolla length, or intelli- 
gence (which exhibit continuous variabil- 
ity) or schizophrenia which is equivocal 
and hard to identify. What is required by 
way of data is unequivocal. The pattern of 
experiment is laid down. Each program can 
be envisaged in terms of a definitive termi- 
nation. Precision, thoroughness, and ‘‘tech- 
nique” are maximized as the criteria of 
excellence. In the test of principles, on the 
other hand, the duration of the enquiry 
is indefinite; what will constitute the sig- 
nificant data is unknown; the outlines of a 
satisfactory outcome are vague or invisible. 
In general, the task is not to traverse a 
marked route but to determine a route and a 
destination and to do so with uncertainty as 
a conspicuous factor at each step. 

Throughout the biological sciences, in 
many of the behavioral sciences, in chem- 
istry and geology, there are regiments of 
journeyman scientists who carry out only 
stable enquiries while fluid enquiry is carried 
out by squads or retained as the special 
privilege and power source of a “Staff.” 
Stable researchers are usually unaware of 
the existence of fluid enquiry. Where they 
are aware of it, they are uneasy and offen- 


sive. The common epithets are: just words, 
speculation, thinking. 

There is reason to think that here, as at 
the other decision points, psychological fac- 
tors are operative. Some factor of tolerance 
of ambiguity appears to characterize the 
fluid enquirer (as it does the seeker of valid- 
ity) together with pleasure in the creation 
of new structures and, perhaps, some 
sense of exceeding or disposing of fathers. 
Stable enquirers are often men of fixed 
habit in other respects and given to worry 
about nutrition, constipation, and their 
children’s future. 

However, there is also operative here, 
as at no other decision point, a social 
machinery for encapsulating young scientists 
into the stable mode and keeping them 
there. Entire graduate curriculums exist 
which afford no hint that principles are 
matters of invention and alteration but, 
rather, treat current knowledge and prac- 
tice of a field as its echt definition. The 
practitioner extruded from such a program 
is later kept in line by his ignorance, by 
his developed incapacity to understand 
reports of fluid enquiry and by the system 
of refreshment programs and special texts 
by which he is given only as much of new 
material as his continued usefulness may 
require. 

How far, then, the stable enquirer is a 
product of his education and how far he 
selects himself for a limited career is to be 
determined. 


GUIDING, COLLECTING, INTERPRETING 
(DECISION POINT 5) 


I doubt whether this decision point is of 
much importance and shall treat it accord- 
ingly. 

Of the numerous possible divisions of the 
labor of enquiry, three are commonly dis- 
criminated as choices by some men of sci- 
ence. There are those who concern them- 
selves primarily with the invention and 
proposal of principles. There are those who 
delight in the meticulous and careful 
accumulation of data for interpretation 
by others. There are still others who engage 
primarily in the work of review and monog- 
raphy. 

The first of these choices is marked by 
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its variable status among the different 
sciences. Physics honors the ‘“‘theoretician”’; 
chemistry, its chemical physicists; psychia- 
try, its Freud and Sullivan; sociology, its 
Parsons and Durkheims. Geology honors 
dead ones. Biology tends to reject the role 
out of hand. Indeed, I recall only two docu- 
ments in the biological literature which 
treated a theoretical problem in theoretical 
terms and found acceptance: the _ brief 
letter by Hardy, the actuary, which initiated 
the development of modern genetical 
evolution; and a few publications by Sewall 
Wright in the same field. Usually, biology 
will tolerate a theoretic contribution only 
when delivered in a context of experiments 
done and data collected. Even a field which 
tolerates theoretical work often demands a 
price of admission to the activity: an ap- 
prenticeship in the sweaty phases of en- 
quiry. Even Einstein served a_ novitiate. 
These social restrictions mean that an 
attempt to study the character and com- 
petence of the theoretical man must look 
closely to its samples. A sample of non- 
theoreticians is likely to be adulterated by 
some number of unidentified theoretics. 
Of the remaining two choices, a word on 
the third is in order. The activities of review 
and monography in the biological sciences 
(including the clinical) are signs and sources 
of professional political power. The task of 
the monographer is to relate diverse re- 
searches. The conclusions of: such researches 
are usually less than certain and often con- 
tradictory. Their apparatus of terms and 
techniques will often exhibit wide variabil- 
ity, in respect of generals as well as specifics. 
The integration of such a diversity re- 
quires judgment of the reliability and 
validity of numerous researches, and in 
the process of exercising that judgment a 
monographer has the chance to influence 
the future course of a field of enquiry and 
to affect individual careers for better .or 
worse. His power is restricted, in some 
degree, since his subjects and his audience 
are largely the same persons, but this re- 
striction is neither greater nor less than 
that of any elected officer of a polity. In- 
deed, among monographers, there is a 
noticeable number of persons who exhibit 
the social habit of the elected administra- 


tor: crony-gregariousness with its collection 
of loosely held, largely interchangeable, 
partners in dining, drinking and story-tell- 
ing; disinterest in a life of continuity and 
consequent opportunism. 

THE O0-POINT OF DECISION 

We began our analysis of enquiry by 
supposing that all scientists embark upon 
enquiry with the intention of contributing 
to our mastered knowledge of the subject- 
matter. This supposition must now be 
denied. There are two other starting points. 

Let it be supposed that in most fields 
at most times, consensus can be obtained 
as to the important and outstanding prob- 
lems yet to be solved. Let the ideal of 
our original supposition consist of efforts 
at solving one or more such _ problems. 
The enquirer eyes the subject-matter as 
known and as it might be known, and the 
disparity he sees there constitutes his 
starting point. 

The second choice of starting point is 
familiar enough: not the subject-matter 
and the holes in the science of it, but tech- 
niques and instruments, intellectual or 
otherwise: path-coefficients, factor analysis, 
game theory, electron microscopes, com- 
puters, tape recorders. The enquirer has 
his favored instrument and is master of it. 
Like a child with a hatchet, he looks for 
something to chop. 

- The third choice is neither hole in science 
nor instrument mastered, but virtuosity, 
per se. The enquirer believes he excels 
others in ingenuity, inventiveness or what 
not and looks for means to exhibit it. 
His starting point is any thing or situation 
through which he can exhibit his. skill. 
His relation to like-sexed peers is reminiscent 
of Don Giovanni’s and worth investigating. 

Persons of the second and third persua- 
sion are probably useful to science in 
about the degree to which they are toler- 
ated at any given time. The tool master 
introduces new tools on the one hand, and 
on the other, tills stony acres. The ingenious, 
by seeking novelty, occasionally find it. 


POSTSCRIPT ON A GRAND STRATEGY 


Insofar as this document implies a view 
of enquiry, a word is in order asserting what 
is otherwise only suggested—that there 
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are many ways of achieving mastery of a 
subject of enquiry, no one of them capable 
of undebatable superiority over the others; 
each of them capable of illuminating the 
world of things in a way not precisely dupli- 
cated by the others. 

Many of these sotemenesuiiiien are 
obvious. Rational principles confer coher- 
ence on what otherwise would be dissevered 
by holistic principles. Reduction confers 
coherence in another way. Meanwhile, 
holistic atacks on problems emphasize 
the peculiarities of local subject matter 
while rational and reductive theories tend 
to subordinate what is local and _ special 
to what is common among many subject- 
matters. 

Even bull-headed reduction has advan- 
tages over its more sophisticated brother 
in the course of the actual practice of en- 
quiry. For the enquiry which begins by 
looking to the constituted to tell it the 
behaviors and qualities to be accounted 
for is likely to look to the constituents to 
account for these matters only. The en- 
quiry which looks first to the constituents, 
on the other hand, is a freer enquiry pre- 
cisely to the extent that it is unguided. A 
similar advantage accrues to  anti-prin- 
cipled enquiries. 

We need not, therefore, make a virtue 
of the necessity of pursuing enquiry through 
men who are moved by numerous prefer- 
ences to work in different ways toward 
differing specifications of their common 
goal. It zs a virtue. 

Yet, as long as resources for research 
are limited, there is an itch to believe that 
one of the several strategies available to 
science is the best one. It would be very 
nice to be able to plan the course of a new 
enquiry and at different stages in the proc- 
ess select enquirers for their appropriate 
predilections as well as for appropriate 
abilities. 

I have tried to show that this hope must 
betray us. Consensus on a single pattern 
of choices will merely enable us to overlook 
what we have not done in our enquiry. 
Different principles maximize different di- 
mensions of successful enquiry. One hier- 
archy of criteria merely legislates definition 
of the goal. A single ratio of fluid to stable 


enquiries imposes an arbitrary relation be- 
tween theory and practice, future and 
present goods. 

This leaves the possibility that some par- 
ticular order of different strategies, con- 
stituting a grand strategy may be better 
than ‘all other orders. This hope may be 
realizable, though there are two vitiating 
considerations. In the first place, the pos- 
sibility of a grand strategy assumes that 
different subject-matters are alike as sub- 
jects of enquiry. Yet a good historical case 
can be made against this premise as well 
as for it, and a good metaphysical case 
has, of course, been made on either side. A 
good scientific case would entail a trial of 
all such grand strategies on all subjects of 
enquiry, which amounts to a confusion of 
types. 

In the second place, if we grant that all 
subjects are alike as subjects of enquiry, 
we encounter a second and similar trouble. 
The grand strategy best suited to this 
homogeneous subject of enquiry may not 
be the same as the one best suited to the 
human species gua enquirer—a modern 
instance of the ancient distinction between 
what is most knowable without qualifica- 
tion and what is most knowable to us. 
And even if these coincided, we must deter- 
mine whether that common grand-strategy 
coincides with the one best suited to a 
generation of enquirers caught in a par- 
ticular web of circumstance—the state of 
enquiry in other fields; the state of de- 
velopment of instruments of enquiry, such 
as logic, mathematics, and high-voltage 
accelerators—at the time that enquiry on 
some given subject is initiated. In short, 
the problem of a best grand-strategy is a 
prudential one, contingent on the time, the 
place and the subject of enquiry. Within 
these caveats, I shall now record a specula- 
tion on a grand strategy—specifically a 
grand strategy for subjects far from physics 
on the Comteian scale, for attack by Amer- 
ican scientists, of enquiries instigated in 
the milieu of current fashions and condi- 
tions of enquiry. 


Speculation on a grand strategy 


In the first place, I am convinced that a 
rational principle should be among the 
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last to be tried. Its early use must be either 
an illusory and damaging “success” or a 
wasteful delay of prerequisite enquiries. 

These unfortunate possibilities rest on 
the point that rational enquiries involve 
the matching of two well-developed bodies 
of material. On the one hand, there must be 
the rational scheme itself, whether a geom- 
etry, a probabilistic system, some other 
calculus or a configurative corpus. On 
the other hand, there must be a body of 
relatively unorganized propositions repre- 
senting the subject of the enquiry. The 
rational investigation is completed when 
one such component is well-matched with 
the other, when stable relations are es- 
tablished somehow or other, as Einstein 
put it, between concepts and sense ex- 
perience. 

Now it is pretty obvious that the way to 
use a rational principle prematurely is to 
try for the third step when the first two 
have not been taken an optimum distance. 
My concern here is with what constitutes 
the optimum for the second step—develop- 
ment of propositions representing the sub- 
ject of the enquiry. I shall pretend, knowing 
little about the matter, that a plethora of 
rational schemes exist. If I am wrong about 
that and they too are in need of expansion 
for the purposes of biology and the be- 
havioral sciences, then I shall be right in 
my conclusions, a fortiori. 

Readiness of a body of propositions for 
application of a rational scheme involves two 
criteria: First, the body of propositions must 
bear a reasonable resemblance (in respect 
of validity and reliability) to the subject 
maiter. Second, they must exhibit some 
sort of middle ground between complete 
variety and complete coherence. 

The sense of the second of these condi- 
tions calls for some elucidation. The point 
is this: a highly heterogeneous body of 
propositions means propositions derived 
and couched in dozens of different and inde- 
pendently developed sets of terms (as might 
arise from dozens of workers held together 
by no achieved consensus about the prob- 
lems of the field or the character of its 
subject-matter). The independence or “‘ir- 
relevance” of these terms is what a rational 
principle is designed to overcome. The 
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number of them is the factor which bears 
on the question of timing the search for a 
principle. 

Now let us see how these two conditions— 
the validity of the propositions and their 
degree of heterogeneity—bear on the suc- 
cess or failure of a rational enquiry. Sup- 
pose we have only a few propositions (or 
many, but couched in a few sets of terms) 
representing the subject-matter. Then the 
probability is very high that they are low 
in validity—lacking either adequacy or 
scope as far as the subject-matter is con- 
cerned. They will represent either a highly 
simplified slice through the whole subject- 
matter or a thorough analysis of some 
small fragment of it. Now suppose that 
someone successfully fits a rational scheme 
to these propositions. Who would deny 
that his success would be a constraining 
bind on further enquiries? He has a structure 
whose separate propositions are “true” 
(reliable). And the structure is a coherent 
whole. That combination is highly seduc- 
tive. The vast majority of workers in the 
field will fall into line and subsequent en- 
quiry will continue in the terms of the ‘“‘suc- 
cessful” rational principle for a long time— 
erecting a large, attractive and _illusorily 
adequate body of knowledge of the subject. 
For nothing marks off the American scientist 
more than his readiness to ignore when he 
can the distinction between the subject 
as emboded in his terms and the subject 
as it may be. 

If, on the other hand, such a consensus 
be postponed for awhile—by the absence 
of a ‘‘successful’’ rational scheme—we leave 
time for more numerous, relatively inde- 
pendent attacks on the subject matter. 
Attacks on different facets of it enlarge the 
scope of the growing body of propositions. 
Attacks in different terms test out the 
validity of earlier terms and amend them 
where they are wanting. 

Now if this goes on too long, we exceed 
the second condition for effective rational 
attack. We get a large collection of hetero- 
geneous propositions, hence a very large 
number of small sets of terms and our prob- 
lem shifts from one of prematurely binding 
coherence to one of great difficulty in 
achieving coherence at all. We have too 
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many clues to the kind of rational scheme 
which would work or, putting it another 
way, too many conditions which a rational 
scheme must meet at one fell swoop. 

At this point, I appear to contradict 
myself, for I have claimed that rational 
attacks should be made late in enquiry 
while my argument so far suggests a mid- 
point rather than a late one. The remaining 
step in the argument consists in showing 
that we can have our cake and eat it too— 
extend enquiry and thus increase validity 
without running into an excessively large 
number of sets of terms. We can do it by 
introducing local and interim coherencies 
by means of attack with reductive and 
holistic principles. 

Thus, the initial phase of our grand 
strategy would consist of use of primitive 
and anti-principles. The second phase would 
consist of the binding of the results of 
these enquiries into a small yet varied 
number of holistic and reductive views, 
each of which would go its own way for 
awhile, leading to more comprehensive 
reductions, then to some very few less-than- 
comprehensive rationals and only then to a 
sweeping rational ‘‘synthesis.” 


Objections to argument 


There are a number of apparent holes in 
this speculation about a grand strategy. 
Here are two of them. 

It may be argued that the strategy is 
planned entirely in the interest of validity 
(both interconnective and adequate). Not 
at all. Reliability is not sacrificed. Continu- 
ity and feasibility are also maximized. 

Reliability is maintained in the sense, 
first, that the strategy is a strategy and 
not a tactic. In the gathering of the proposi- 
tions which shall constitute the matter for 
ultimate integration we assume due regard 
for precision and consistency of measure- 
ment and observation. Second, by asking 
that early principles stay close to the sub- 
ject matter, we let the subject matter and 
the enquirer’s competence rather than the 
terms of a rational principle lead the en- 
quiry. The individual enquirer in close and 
relatively undistracted connection with 
the subject-matter determines what will 
constitute his data. Hence, as long as he 


affirms reliability as a_ scientific good, 
reliability will not be sacrificed for validity. 
This same argument speaks for feasibility. 

This brings us to a second hole—the fact 
that we propose that reductive and holistic 
principles, rather than small-scale rationals, 
do the job of local and intermediate integra- 
tion. There are two reasons for this, the 
first of which involves a qualification of 
that proposal. That first reason is that 
rationals enjoy entirely too much status at 
present. (Remember, we said that this 
strategy was contingent and prudential.) 
In their own right there is nothing against 
rationals serving pro tem integrations. But 
the passion of modern scientists for ra- 
tionals is so abject that, in their eyes, the 
first rational in the field is likely to assimilate 
what propositions it can and relegate the 
remainder to the category of irrelevance 
rather than leave room for additional local 
and interim integrations. 

The second reason for rejecting rationals 
as intermediate integrators stems from the 
fact that we are discussing modern enquiries 
in subject matters high on the Comteian 
line. This combination is equivalent to 
remarking that knowledge of subject mat- 
ters lower on the line are, in fact, reason- 
ably well-developed. If they are—and they 
are—it would be inefficient and a waste to 
ignore them. In short, there is much good 
material available for reductive attacks 
and that material should be used. This can 
be done with reasonable safety since the 
seductiveness of reduction is so much lower 
than that of rationals just now and because 
reductives easily invoke holistics as com- 
petition. (E.g., Durkheim after Mill; Skin- 
ner after Pavlov, et al.) 

As to continuity, reductives and holistics 
supervening on primitives and anti-prin- 
ciples have an inbuilt continuity in actual 
enquiry. Primitives, as practicals, must 
speak in terms of prediction or control. 
Since we are discussing a subject-matter 
not yet known in rational terms, controls 
and predictions of aspects of it must stem 
in large part from knowledge of the be- 
havior of its constituents (since this is the 
only large body of knowledge available). 
Residual items of prediction and control 
must come from ad hoc items of information 
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about the subject-matter taken in terms 
of its own properties. This amounts to 
saying that primitives will be fragmented 
bits of reductives and holistics, hence that 
a movement to systematic use of reductive 
or holistic principles will stem from the 
primitives and incorporate them. Similarly, 
“Laws of Nature” and ‘‘Causes’’ will also 
speak in the terms of known constituents 
or recognizable properties of the subject, 
hence will similarly contribute to and be 
assimilable to the reductive and_ holistic 
principles which may supervene. 

Yet, my imaginary critic may have a 
point here. It may be that interim ra- 
tionals are more easily assimilable to a 
large-scale rational synthesis than holistics 
and reductives would be. If that be the 
case, we have a choice between validity 
and continuity. I would choose validity. 


APPENDICES 


Appendix 1. Some problems in a study of 
enquiry. 


The framework of decision points and choices 
has been relatively empty of information as to 
what kinds of persons make what decisions for 
what utilities. Such information has been sug- 
gested as one main line of enquiry for which the 
framework would be useful. 

Eight other lines of enquiry are as follows: 

1. To what extent are choices responsive to the 
exigencies of a subject matter rather than expres- 
sive of personal preference? E.g., is there a great 
difference between the conceptions appropriate to 
investigation of the organism and those ap- 
propriate to investigation of nonliving subjects? 

2. To what extent are choices responsive to the 
state of enquiry at a given time rather than ex- 
pressive of personal preference? For example is 
the biologists’ passionate avoidance of final cause 
and “‘anthropomorphism”’ in the period 1915-1935 
a reaction to errors which arose from uncritical 
use of these notions in preceding decades? 

3. To what extent are choices indicative of 
fashions generated by treatises on method or 
well-publicized new instruments and models for 
research? E.g., the radical empiricism of W. K. 
Clifford and Karl Pearson; ‘‘operationalism’’ more 
recently; ‘‘probabilistic’’ structures; Game 
Theory? 

4. To what extent do choices reflect a ‘“‘natural 
evolution”? of enquiry in each field? E.g., from 
description to causation to quantification, or 
Euclidian geometry to algebra to partial differ- 
ential equations? (Without prejudice to the possi- 
bility of respectable enquiry along this line it 
should be remarked, nevertheless, that probably 
no ordering of no set of ‘‘methods’’ or ‘‘prin- 
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ciples’? but has been asserted out of hand to be 
the evolutionary sequence of science—usually 
as an argument for a favored principle. Thus: 
taxonomy, static laws, dynamic laws; or analytic, 
summative, synholistic; or theological, metaphysi- 
cal, positive.) 

5. To what extent does amount of variance in 
respect to choices in a given field at a given time 
reflect the state of communication? E.g., when 
scientists in a given field read the same noncom- 
petitive journals, belong to the same societies 
and attend the same meetings, to what extent 
does variety of strategy disappear? If variety 
does disappear, does consensus arise via suppres- 
sion of preferences or via self-selection of those 
entering the field? 

6. To what extent do the choices at the several 
decision points of given enquirers constitute whole 
strategies or patterns of choice? I.e., to what 
extent is choice of a at decision point / correlated 
with choice b at decision point 2? I treat each de- 
cision point independently of others but the 
apparent connection between some choices (as 
choices) is too obtrusive to ignore entirely. 

7. What variability exists among scientists 
with respect to the existence of preference or to 
efforts at conscious control of personal preference 
in the interest of such other desiderata as 1 and 
2 above? What personality traits mark controllers 
and indifferentists? This. line of enquiry is espe- 
cially desirable as a countercheck to the psy- 
chological relativism of the main enquiry. This 
countercheck is especially important in view of 
the fact that though hundreds of scientists ex- 
hibit marked preferences in respect to the choices 
to be described, a few exhibit none and habitually 
combine what others treat as mutually exclusive. 

8. Certain aspects of the personal history of 
the enquirer are interesting as possible correlates 
with choices made: (a) stage of career, age, etc. 
(b) the preferences of professional father figures, 
as thesis chairmen, beloved teachers, first boss. 


Appendix 2. On “emergent” principles 


As far as I can determine, no enquiries are 
conducted in terms of emergency and no emergent 
phenomena present themselves for enquiry except 
by way of an artifact arising from hypostasization 
of atomic reductive principles. The process ap- 
pears to run as follows. 

When durable reductive principles prevail for a 
considerable time in a field of investigation, the 
success of the principle gives rise to an orthodoxy 
which asserts not merely that reductive principles 
alone are scientific but that ‘“‘nature’’ is reductive. 
Enquiry then encounters a phenomenon which 
resists explanation in reductive terms but is suc- 
cessfully investigated holistically. Now, since the 
phenomenon and the account of it are not dis- 
criminated, the combination of the two, mis- 
identified as the phenomenon pure and simple, is 
seen against the background of phenomena re- 
ductively explained as something strange and 
novel—“‘extranatural.’’ The novelty in turn 
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becomes something to be explained and this is 
done by distinguishing two orders of phenomena: 
ordinary ones and those which arise without due 
and proper basis in characteristics of the con- 
stituent factors. The latter phenomena are dubbed 
emergent. Of course, their emergency disappears 
if new properties of the constituent factors are 
sought and found; or if the earlier body of knowl- 
edge in the field is translated from reductive to 
other terms; or if the phenomena and the mode 
in which they are investigated are discriminated. 


Appendix 3. On Occam’s Razor 


There is a division of scientists with respect to 
their valuation of economy as a criterion of prin- 
ciples. Among users of rational principles and 
hunters of historical causations there is much 
obsessive concern for the minimal while the bulk 
of scientists, though willing to delete an un- 
necessary term when it is pointed out by others, 
are more than willing to let others do the pointing. 
They seem to be able to take economy or leave 
it alone. 

Whether this indifference is, in fact, true of the 
bulk of scientists cannot presently be determined. 
Attitudes about economy tend to be indistinguish- 
able because the degree of economy itself (gross 
redundancy aside) involved in a structure of 
terms is hardly capable of measurement. At least, 
I am not aware of a well-accepted definition and 
measure of the quality. 

For this reason, I omitted economy from the 
set of choices at this point. 


Appendix 4. On relativism 


The charge of relativism can fairly be laid 
against the viewpoint of this paper but there is a 
difference between the relativism of Judas (What 
is truth?) and that of John Smith (There is more 
than one way to skin a cat!). Two points are 
germane here. 

First, if scientific knowledge can be sought in 
many ways, it is not because science is a game, a 
systematic delusion or the pursuit of metaphors 
and mnemonics. Rather, to paraphrase Professor 
Warner Wick, it is because nature is so rich in 
matters to be learned and scientists so apt at 
finding ways to learn them. 

Second, there are consequences to a choice of 


principles and it is not all one which principle is’ 


chosen. Principles not only initiate enquiry; they 
are tested by it. And if what is tested is not the 
propriety of the principle to the subject-matter 
alone but to the manifold of matter, enquirer 
and circumstances of enquiry, that too redounds 
to the benefit of the enterprise. 
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Different results from studies in problem solving conducted 25 years 
apart have led these authors to a consideration of the part increased ex- 
perience with puzzles and problems over a generation has played in produc- 
ing such differences. The relation of previous experience to the level of as- 
piration of the individual, alone and operating in groups of varying sizes, is 


detailed in this study. 


GROUP AND INDIVIDUAL PERFORMANCE IN PROBLEM SOLVING 
RELATED TO PREVIOUS EXPOSURE TO PROBLEM, LEVEL OF 


ASPIRATION, AND GROUP SIZE 


by Irving Lorge and Herbert Solomon! 


Columbia University and Stanford University 


INTRODUCTION 


N duplicating Shaw’s (1932) experiments 
I in group and individual problem solving, 
Lorge and Solomon (1959) found that their 
1957 result for the proportion of successful 
solutions by individuals was markedly higher 
than those reported by Shaw in 1932. In fact, 
the 1957 proportions were very nearly like 
those reported by Marquart in 1955. The 
difference between the 1957 and 1932 data 
may be charged to the difference in the char- 
acteristics of the subjects, or as seems more 
likely, to differences in the extent of prior 
exposure to the problems that were offered 
for solution. Variations in experimental re- 
sults over a twenty-five year period may be 
attributable to increased experiences with 
puzzles and problems over a generation. 

The discrepancy in results between the 
generations, therefore, may affect the rele- 
vance of the mathematical model proposed 
by Lorge and Solomon (1955) to account for 
the superiority of groups over individuals in 
Shaw’s data. Therefore, the experiment re- 
ported here was designed to test the hypothe- 
sis that previous exposure with the problem 
would significantly affect the proportion of 
individual solutions and, hence, the propor- 
tion of group solutions. Since the model 
states that the proportion of group solutions 
is related functionally to the size of the 
group, the experiment was designed to get 


1 Prepared under contract Nonr 266(43) (NR 
171-034) for the Office of Naval Research. 
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estimates about the proportion of successful 
solutions by individuals and by groups of 
sizes three, four, six, and seven. Since Lorge 
and Solomon had used individuals as well as 
groups of size two and five in their 1957 ex- 
periment, the sizes of the groups scheduled 
would complete the range of group size from 
two through seven employed in the solution 
of the Tartaglia problem (Kasner & New- 
man, 1940), a transportation puzzle given in 
detail in the next section. 

The central problem was to assess the 
model for expectation of group performance, 
proposed by Lorge and Solomon, namely, 
that if 

P,, = the probability that a group of size 

k solves the problem, and 


P; = the probability that an individual 
solves the problem, then 
(1) ree 4th Py. 


This essentially states that if at least one 
member of the group has the ability to solve, 
the problem will be solved. Further, if the 
problem must be solved in stages, then a 
second model can be obtained by having 
model (1) apply at each stage. The authors 
do not suggest that this rationale is the basis 
of problem solving by groups, but rather that 
it was successful in ‘‘explaining”’ Shaw’s ob- 
served data. Essentially, the model does 
serve as a measure of the extent to which 
ability of individuals in the constituted group 
is the sole factor in solutions by groups and, 
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if the model does not hold, whether it is 
necessary to assume that some positive or 
negative personal interaction among the in- 
dividual members of the group is affecting 
the results. 

When the observed proportion of group 
successes, Pg, and the observed proportion of 
individual successes, p;, approximately sat- 
isfy equation (1) then ability may be consid- 
ered to be operating as the only factor. When 
po is much higher than pg where pg is the 
solution for Pg in equation (1) for observed 
p:, factors other than ability alone may be 
operative; likewise when Po is much smaller 
than pg some factor or factors may be re- 
stricting ability or may be preventing ability 
to show itself. It should also be mentioned 
that when pg is much higher than pg, it is 
still possible for ability to be the sole factor 
but the problem can be solved in stages re- 
quiring ability interaction at each stage 
(Lorge & Solomon, 1955). 


THE EXPERIMENT 


The primary object of the experiment was 
to estimate the effect of previous exposure 
toa problem not only on individual, but also 
on group performance, and thus evaluate 
how previous experience may influence the 
relation given by equation (1). Groups of 
size three and four were employed to dupli- 
cate previous experimentation and get some 
check on variability of group performance; 
and groups of size six and seven were em- 
ployed to extend the range of group sizes. 

The subjects were graduate students, pri- 
marily candidates for the M.A., at Teachers 
College, Columbia University in attendance 
at the 1957 Summer Session. Two different 
classes participated: one was a class in ‘‘Edu- 
cation and Society,” the other a class on 
“The Work of the Teacher.’”’ Students in 
both classes may be assumed to be equiva- 
lent in mental ability. Thus, in this experi- 
ment, measured intelligence was not used as 
a control variable; moreover the predomi- 
nant concern was with amount of previous 
exposure. 

The first class, identified as Class 1 in the 
Tables, comprised 290 students, of whom 89 
participated as individuals, the others as 23 
groups of three and 22 groups of six. The 
second class, identified as Class 2 in the 


Tables, comprised 202 students, of whom 37 
participated as individuals and the others as 
15 groups of four and 15 groups of seven. All 
assignments to serve as individuals or as 
groups were made by a random procedure. 

The problem for solution was the Tarta- 
glia transportation puzzle. In order to get 
some estimate of the extent of previous ex- 
posure to this problem, each student was 
given a mimeographed sheet which gave the 
problem, and asked six questions regarding 
the student’s retrospective memory about 
previous experience with the problem or 
with problems like it. In addition, each stu- 
dent was requested to estimate his ability to 
solve the problem within a 45-minute period. 
The question about “level of aspiration” was 
intended to discover whether some students 
would tend to regard the problem beyond 
their ability to solve. The sheet, in addition 
to requesting the student’s name and assign- 
ment number, gave the problem and the 
questions as follows: 


On the A-side of the river are wives (W1, W2, W3) 
and their husbands (H1, H2, H3). All of the men 
but none of the women can row. Get them across 
to the B-side of the river by means of a boat 
carrying only three at one time. No man will 
allow his wife to be in the presence of another 
man unless he is also there. 


1. Have you ever seen or heard this problem 
before? 
406 ..=. No 
2. Have you ever seen or heard one like it before? 
rer No 
3. Have you ever attempted to solve this problem 
before? 








Yes No 
4. Have you ever attempted to solve one like it 
before? 











Yes NG@as- 
5. Have you ever solved this problem before? 
Yes N@icake 
6. Have you ever solved one like it before? 
Yes Nes 
. In your opinion, do you think you can success- 
fully solve this problem in 45 minutes? 
Yee... No —— 








~I 


Since subjects were assigned as individuals 
or to groups randomly, it is obvious that 
there was no control over the assignment of 
subjects on the basis of varying degrees of 
prior information. Such a control, desirable 
as it may have been, was beyond practical 
consideration. Because of this limitation, as- 
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TABLE 1 
StuDENT’s Report ON PREvIoUS EXPERIENCE 
WITH SIMILAR OR THE SAME PROBLEM: By 
ASSIGNMENT AS INDIVIDUALS AND IN GROUPS 



































Som > 
No ox, | exper | exper | exper 
, Num-| “with | similar |_, 022 baroe 
Assignment as ber | similar |but none — “oe rang t 
and same) with same | not with 
problem | peableen problem | similar 
Individuals | 126 | 42 72 8 4 
Groups of 3 | 69 26 39 4 0 
Groups of 4 | 60 16 | 34 7 3 
Groups of 6 | 132 oot ee 21 0 
Groups of 7 | 105 40 | 43 18 
Total 4o2| 163 | 260 | 58 | 11 
| | | 





signments to groups of four, six, and seven 
did not yield as neat a distribution of the 
prior experience as would have been desir- 
able. 

The amount of prior information that each 
subject was presumed to have was based on 
the responses to the questionnaire. Re- 
sponses to items 1, 3, and 5 give the reported 
extent of previous experience with the Tar- 
taglia problem, and responses to items 2, 4, 6 
give the reported extent of previous experi- 
ence with problems similar to the Tartaglia. 

The items about the Tartaglia or about 
similar problems may be thought of as scaled 
in the sense that solution presupposes at- 
tempts to solve, and attempts to-solve pre- 
suppose having heard or seen the problem 
previously. Thus, prior experience with a 
similar problem could take the values of 3, 
2, 1, or 0, and prior experience with the Tar- 
taglia problem could take on the same 
values. In recording the extent of previous 
experience, the value for experience with 
similar problems was specified first and then 
experience with the same problem, second. 
A third notation was made to show the re- 
sponse to question 7 on “‘level of aspiration”’; 
e.g., 2-1Y would indicate that the student 
had answered affirmatively the first two 
questions regarding his experience with a 
similar problem, the first question regarding 
his experience with the same problem, and 
“Yes” to his opinion that he could success- 

fully solve it in 45 minutes. 
The data, therefore, were classified by the 
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“level of aspiration” and the extent of ex 


problem. About a third of all students 
both classes reported that they had no pre 
vious experience with a similar problem and 
with the same problem [Table 1] and more 
than half (53 per cent) did not report any ex. 
perience with the Tartaglia problem. Almost 
three quarters of all the subjects reported 
that they thought they could solve the prob- 
lem in 45 minutes [Table 2]. 


perience with a similar and/or the wi 
in 


TABLE 2 
STUDENT’s REporRT ON BELIEF THAT THEY CouLp 
CoMPLETE TARTAGLIA PROBLEM IN 45 MINUTES: 


By ASSIGNMENTS AS INDIVIDUALS AND AS 
Groups 
| Number 
Assigned as Number . ae zs 
ves no omit 
Individuals | 126 89 35 2 
Groups of 3 | 69 42 26 1 
Groups of 4 | 60 45 14 1 
Groups of 6 | 132 89 43 0 
Groups of 7 | 105 92 13 0 
492 357 131 4 


Total 


ANALYSIS OF EXPERIMENTAL RESULTS 


Table 3 gives the gross results of the two 
classes. The first class certainly does not 
demonstrate much superiority for groups, 
while the second class yields results more in 
line with previous data. In fact, the results 
for groups of four and for individuals in 
Class 2, namely p; = .16, pg = .66, are re- 


TABLE 3 
INDIVIDUAL AND Groupe PERFORMANCE IN 
SOLUTION OF TARTAGLIA PUZZLE: AUGUST, 


1957 
— Number of es Proportion 
yt sl solutions yg: res ~ of solutions 
Class 1 
Individuals 91 13 76 15 
Groups of 3 23 3 20 13 
Groups of 6 22 4 18 18 
Class 2 
Individuals 37 6 31 16 
Groups of 4 15 10 5 66 
15 7 8 46 


Groups of 7 
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markably close to Shaw’s results of twenty- 
five years ago, namely p; = .14, pg = .60. 
The results of p;, for Shaw and the two 
classes, demonstrate remarkable stability, 
namely .14, .15, and .16; on the other hand, 
results reported by Marquart (1955) and our 
April, 1957 (1959) experiment also show 
some stability but around larger values of 
pr, namely .33 and .41, respectively. It was, 
of course, these discrepancies which sug- 
gested prior exposure as a relevant variable. 
In the current experiment, however, the 
values are not different from those of Shaw. 
Of course, many factors may affect the dis- 
crepancies in the values observed for py. For 
instance, the students in the two classes be- 
ing reported were much like the Teachers 
College students used by Shaw, while those 
in a psychology course at Teachers College in 
the April 1957 experiment were like Mar- 
quart’s psychology students at the Univer- 
sity of Arizona. Obviously it would be good 
to have some idea of the variability of pg for 
groups of different sizes so that some intelli- 
gent decisions can be made about manifestly 
large differences in pg in repeated experi- 
ments for groups of the same size. In any 
event, that the variance of pg is a function of 
both group size and P, is obvious and is de- 
veloped in the section on Variance of pc 
under the assumption that the model given 
by (1) is operating. Employing some of the 
results given in Table 10 we notice that the 
range of maximum variability occurs in the 
vicinity of our experimental parameters. lor 
example, our use of groups of size three and 
size four are in the area of maximum varia- 
bility of p, for the Tartaglia puzzle where a 
reasonable value for P; is .15. If Ny is 100, 
then o},, ~ .0060 fork = 3, and a3, ~ .0077 
fork = 4. This gives o),, ~ .077; c3, ~ .088. 
For groups of size three and p; = .15, pg 
= .48. Since 
the corresponding observed pg’s in this ex- 
periment were, respectively, .13 and .66, the 
former for k = 3 and much smaller than ex- 
pected, and the latter for k = 4 and much 
larger than expected, the difference, if the 
model is operating and P, 15, is only 
three standard deviations for k = 3, and two 
standard deviations for k = 4 and thus not 
entirely outside chance considerations. This 
discussion is not meant to provide a support 
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for the model especially under the somewhat 
anomalous data obtained but to demon- 
strate how the magnitude of the variability 
can permit more reasonable decisions. 

It is significant that no individual who had 
previously indicated that he did not believe 
that he could solve the Tartaglia problem did 
actually solve the problem working as an 
individual regardless of previous experience 
with the Tartaglia problem or problems like 
it. Of the 89 individuals working as individ- 
uals who believed that they could solve the 
problem, only 18 solved it, i.e., 20 per cent. 
In all, 23 individuals assigned to solve the 
problem individually reported no experience 
with a similar and the same problem but be- 
lieved they could solve it. Of these 23, seven 
solved, i.e., 30 per cent. Of the 54 individuals 
in both classes who reported some experience 
with a similar problem but not with the same 
problem and who believed that they could 
solve the problem, nine solved, i.e., 17 per 
cent. In both classes, there were twelve indi- 
viduals assigned to work as individuals who 
had some previous experience with a similar 
and the same problem and who thought they 
could solve the problem. Only two solved, 
i.e., 17 per cent. 

Since none of the individuals who did not 
expect to solve the problem did so, it seems 
reasonable to infer that “aspiration” is a sig- 
nificant factor in problem solving. Of course, 
a No response to Item 7 could reflect a gen- 
uine self-report of lack of ability. Therefore 
an estimate for P; could be based on those 
individuals who had no experience with the 
problem and who also think they can solve 
the problem, i.e., 18 out of 89 or 20 per cent. 
But any ability model as such must give 
consideration to the fact that those who be- 
lieve that they cannot solve the problem are 
among those usually affecting the proportion 
P,. Therefore a more realistic estimate of P, 
is given by regarding all individuals working 
as individuals but who had no experience 
with the problem. This gave 19 solutions for 
126 attempts, i.e., 15 per cent. This value 
should be especially contrasted with Shaw’s 
value of 14 per cent (3 out of 21) which 
occurred in 1932. Nevertheless, four individ- 
uals who believed that they could solve the 
problem reported that they had solved the 
problem previously. Of these four, two solved 
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TABLE 4 


SoLuTions TO TARTAGLIA PROBLEM BY _ INDI- 

VIDUALS WORKING AS INDIVIDUALS, CLASSIFIED 

BY ASPIRATION TO SOLVE AND BY PATTERN OF 

Previous EXPERIENCE WITH A SIMILAR OR THE 
SAME PROBLEM 








Class 1 








| Pattern Class 2 | 
gg al a PO 
| ye | Same | = | Fail | pve | Fail 
feng gael lactase tea EP 
Yes we Moh, Je ve Se mee Sie ee 
et we Be te ee 
SE ee See She aoe; 
ee i Ml et ee 
Yes without pre- | | | aoe 
vious experi- | | 
ence on same | | 
problem....... | 6 | 21/10 | 40 
0 1 Ee a ae 
1 1 0 | 1] 
2 1 0 1}; 0 1 
“2k 2 Sees wee 
2 2 geass easel Ms ] 
3{/2;,;—/—| 0] 1 
0 3}; —|—- 1 | 0 
2 3}; —j;—] 0] 1 
“He oe wee we ee 
Yes with previous) | | 
experience on | | | 
same problem. . | 0 -1 S84 -2 5 
No 61-0 fed 2) 218 
We ie eae ve 
15] | 0| 9 
3 | 0 oe) a 
No without pre- 
vious experi- | 
ence on same | 
problem........ 0 2 Oe Sn 
ee ae hs 
= 1 0 1 | 
No with previous | 
experience on | 
same problem..| i a oe 
Blank 0 0 0 1 1 0 
Total 6 31 | 13) 76 


it. Estimates of p;, therefore, may be biased 
by both previous full experience and ‘‘as- 
piration”’ to solve. 

When individuals are assigned to solve the 
Tartaglia problem in groups, there must be 
variation in the composition of the groups, 
not only by aspiration but also by extent of 
previous experience with a similar or the 
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same problem. Therefore, Tables 4 through 8 
are presented giving group results classified 
by the number of Yes’s to question 7 and 
by a score for extent of previous experience, 
This score is a rough one and not entirely an 
adequate measure of amount of experience 
which is obtained by summing the scores of 
the individuals within the groups, first for 
similar problems and then for the same 
problem. For example, experience on the 
same problem reported as 0 by one individ- 
ual, 1 by another, and 2 by a third, while 
summing to three and scored that way, is not 


TABLE 5 


SOLUTIONS TO TARTAGLIA PROBLEM BY THREE- 

MEMBER GROUPS: CLASSIFIED BY THE NUMBER 

OF PERSONS HAVING ASPIRATION TO SOLVE AND 

BY THE NUMBERED SCORE FOR AMOUNTS OF 

PrREvious EXPERIENCE WITH A SIMILAR OR THE 
SAME PROBLEM 


Number of Sum of Yes’s to 
Yes's to Previous Experience 
Question 7 | Solution Fail 
out of 3 cami 
in group Similar Same 
1 0 0 1 
2 0 2 
5 0 3 
7 0 | 1 
Sum 0 7 
Z 0 0 1 
3 0 ] 
4 0 2 
5 0 2 
6 0 1 
Sum 1 6 
3 4 0 1 
5 0 2 | 
6 0) | 1 
Sum 2} 2 
3 3 1 1 
8 2 1 
3 3 l1at 3/3Y* 
Sum 0 | 3 
SALTS ence 
0 0 0 | 1 
6 2 | 1 
Sum 0) 2 
| 
3 | 20 


Total 


* In this group at least one person claimed to 
have solved the problem previously. 


* 
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equivalent to the three of claimed solution 
by an individual. 

There were 24 groups containing at least 
one member who claimed to have solved the 
Tartaglia problem previously. Of these 24 
groups, ten solved the problem, i.e., 42 per 
cent. The groups classified by group size to- 
gether with the number of solutions and 
failures is for 


Groups of three, no solution—one failure 


four, three solutions—two failures 
Six, two solutions—five failures 
seven, five solutions—six failures 


Partial solution can also be employed to 
check on the tenability of the model (1). 


TABLE 6 


SoLUTIONS TARTAGLIA PROBLEM BY FouR-MEMBER 
Groups: CLASSIFIED BY THE NUMBER OF PERSONS 
HAVING ASPIRATION TO SOLVE AND BY THE NuM- 
BERED SCORE FOR AMOUNTS OF PREVIOUS EXPERI- 
ENCE WITH A SIMILAR OR THE SAME PROBLEM 





























yg Yes’s | 
Number of Yes’ to Previous | _ 
to Question 7 out Experience | —~ | Fail 
of 4 in group — ——} 
Similar | Same | | 
1 ie t4 | 
2 Eo Die 
3 6 | 0 | 1 | 
P @. 5 @ ee 
1 9|/oj}1] 
4 wee sy 
| 10 | 0 | 1 
Yes without 
previous ex- | | | 
perience on | | 
same prob- | } — |= 
es os |  .& 2 
2 wee se ss 
| 4 o | kb 
3 | elena, 2a 
| at 3/3Y* 
4 ema: 3 | 2 1 each at 
| 3/3Y* 
| @1|31)15 tepaer 
| 10 3 1 | 1 at 3/3Y* 
Yes with pre- | | | 
vious ex- | | | 
perience on | | | 
same _ prob- | Bee 
ee | | 5 | 3 
Total | 10 | 5 





*In this group at least one person claimed to 
have solved the problem previously. 
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TABLE 7 


SoLuTions To TarTaGLIiA ProBLeMm BY Si1x- 
MEMBER GkOUPS: CLASSIFIED BY THE NUMBER 
oF Persons HavING ASPIRATION TO SOLVE 
AND BY THE NUMBERED SCORES FOR 
AMOUNTS OF PREVIOUS EXPERIENCE WITH 
A SIMILAR OR THE SAME PROBLEM 
































Number of Yes’sto| Solu- eee! 
Question 7 out Similar | Same tion Fail 
of 6 in group 
2 6 0 1 
8 0 1 
13 0 1 
3 2 0 1 
5 0 1 
6 0 1 
4 6 0 1 
6 6 0 1 
7 0 1 
12 0 1 
14 0 1 
Yes without 
previous ex- 
perience on 
same _ prob- -j- 
IG ca SS. 2 \9 
1 | 14 2 1 
3 9 2 1 1 at 3/3Y* 
8 3 1 |1 1 at 3/3Y*, 
1 at 3/3Y* 
5 8 2 1 
12 + 1 
12 5 1 
13 5 1 1 at 3/3Y* 
14 6 1 ‘| 1 2 at 3/3Y*, 
1 at 3/3Y* 
6 Be ae ee 1 1 at 3/3Y* 
Yes with pre- | | 
vious experi- | | 
ence on same | | - |- 
problem....: .| | 2 9 
Total | | 4 [18 





* In this group at least one person claimed to 
have solved the problem previously. 


For example, since the Tartaglia requires 
successful passage through several interre- 
lated steps, then larger group sizes should 
get farther in partial solutions. For individ- 
uals and groups who did not solve the prob- 
lem successfully, the step at which each indi- 
vidual and group failed was recorded. The 
solutions and the steps in arriving at the 
solution are based on an analysis of the 
problem as a problem and not on the experi- 
mental results. The solutions by steps (which 
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TABLE 8 


SoLuTions TO TARTAGLIA PROBLEM BY SEVEN- 
MEMBER GROUPS: CLASSIFIED BY THE NUMBER 
oF Persons Havina ASPIRATION TO SOLVE 
AND BY THE NUMBERED SCORE FOR AMOUNTS 
OF PREVIOUS EXPERIENCE WITH A SIMILAR 

OR THE SAME PROBLEM 





Number of Yes’s to | | erin 








2g poeta — Same Hoi Fail 
5 6 1 @} ¥ Po 
6 Be Bi 1 
7 tae se 1 
8 0 | 1 
Number of 
Yes’s_ with- | 
out previous 
experience | 
on same - |- 
problem... .. ee aye: 
4 11 ee | 1 at 3/3Y* 
5 11 3 1 1 at 3/3Y* 
3) | |. 4at. 3/35" 
6 3 | 1 1 at 0/3N* 
6 5 | 1 1 at 0/3Y* 
17 6 bel aes sy” 
1 at 3/3N* 
7 ies oe ieee | 1 at 3/3Y* 
ee: 1 1 at 3/3Y* 
eo 1 
16 4 1 1. :at-3/3Y" 
12° | 12 1 3 at 3/3Y* 
Number of 
Yes’s with 
previous ex- 
perience on 
same prob- - |- 
ot Set are 5 16 
Total | | Be any 


* In this group at least one person claimed to 
have solved the problem previously. 


may, of course, be worded somewhat differ- 
ently) are: 
A 
Step 1) H1 and WI cross over to B-side 
Step 2) W1 remains on B-side. H1 returns 
to A-side 
Step 3) H1, H2, and W2 cross over to B-side 
Step 4) Hl and W1 remain on B-side, H2 
and W2 return to A-side 
Step 5) H2, W3, and H3 cross over to B-side 
Step 6) H3 and W3 remain on B-side, H2 
returns to A-side 
Step 7) H2 and W2 cross over to B-side 
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B 


Step 1) Hl and W1 cross over to B-side 

Step 2) W1 remains on B-side, H1 returns to 
A-side 

Step 3) H1, H2, and H3 cross over to B-side 

Step 4) HI remains on B-side, H2 and H3 
return to A-side 

Step 5) H2, H3, and W2 cross over to B-side 

Step 6) H3 returns to A-side 

Step 7) H3 and W3 cross over to B-side 

If a subject or group failed to begin the 

problem or specified the problem as beyond 

their ability, or the paper was turned in 

blank, or the solution was crossed out, then 

the failure was designated as a Step 0 failure. 

Step 0, therefore, indicates complete failures 

in contrast to efforts which give attempts at 

Step 1 which are unsuccessful. For those who 

failed, the step at which the failure was made 


TABLE 9 


GrRouP PERFORMANCE AND 
“LEVEL OF ASPIRATION”’ 


Number of 








No’s in group Solutions No Solutions PG 

Groups of 3 

3 0 2 0 

2 0 7 0 

1 1 6 14 

0 2 5 .28 
Groups of 4 

4 us = 

3 1 0 1 

2 2 2 .50 

1 4 6 1 

0 3 3 .50 
Groups of 6 

6 — — 

5 0 l 0 

4 1 2 33 

3 1 5 a IY 

2 0 1 0 

1 1 5 ke 

0 1 q 20 
Groups of 7 

7 ce cen 

6 = = 

5 Bes ee 

4 om 

3 1 0 l 

2 2 0 

1 0 5 0 

0 4 3 56 
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was reported but no definitive relation was 
obtained. These data are not reported in 
Tables 4 through 8 but are available upon 
request. 

There also does not appear to be a defini- 
tive relation between prior exposure and suc- 
cessful solution. In Table 4, for example, con- 
trasting solutions by individuals in Class 1 
with scores 3-0 and better against the re- 
mainder, it is found that 5 out of 34 of the 
former and 6 out of 44 of the latter solved 
successfully, i.e., proportions of .147 and .120, 
respectively. For all individuals 11 out of 89 
solve, i.e., a proportion of .124. Thus, there 
may be a slight but tenuous tendency that 
individuals with much prior exposure do 
somewhat better. The same table suggests 
similar findings on individual performance 
for Class 2; 2 solutions out of 11 attempts for 
scores 3-0 and better, 4 out of 26 for the re- 
mainder giving proportions of .182 and .154; 
for all individuals, 6 out of 37 for a propor- 
tion of .165. 

lor groups of four, six, and seven it is diffi- 
cult to score prior exposure since practically 
all groups have at least one person with a 
score of 3-0 or better. In the tables for these 
three situations, some attempt is made at 
scoring the group from least exposed to most 
exposed but this results in a uniform distri- 
bution of successful solutions along the ex- 
posure dimension. 

In groups of three, 10 out of 23 groups 
did not contain an individual with a Similar- 
Same Score as high as 3-0. One out of these 
ten and two out of the remaining 13 solved 
the problem yielding proportions of .100 and 
.154. Moreover, in this situationas contrasted 
with the other group situations, the data 
allow a better determination of the influence, 
if any, of prior exposure since the dichotomy 
placed approximately half the observations 
in each category. 

When we consider ‘“‘level of aspiration” as 
a sole predictor variable there is a more defi- 
nite relationship with successful perform- 
ance. As mentioned before, no individual, 
working as an individual, who indicated he 
or she could not solve the problem actually 
solved the problem. Table 9 shows the effect 
of individual “level of aspiration” on group 
performance in groups of three, four, six, and 
seven. Here we see some evidence of better 
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group performance as the group contains 
more individuals who conjecture they can 
solve the problem. 


VARIANCE OF jig 


,5ince knowledge of the variance of Pa; 
7p, (the proportion of group solutions pre- 
dicted by the model from knowledge of p;) 
would be helpful in choosing among several 
explanations of group performance, we shall 
develop it in this section. (For simplicity, the 
caret is omitted from pg in what follows.) 


(1) dog = Epé — (Epa)? 
‘a = C-ve = E(1—pg)*? — [E(1—pe)P 


where E denotes expected value. Now, by 
the model, 


(1 — Pc) = [(1 — P;) - (pr — P;))* 
=(1- P,)* —k(l— Py)" (pr — P;) 


—— (4 P,)*"(py — P,)? 
_ k(k — 1)(k — 2) 
(2) ema ees 79 
-(i — P;)" "(yy = FP)’ 
4 k(k — 1) Ck — 2)(k — 3) 


24 
-(l— P,)*“(pr — P,)*--- 


Thus, since E(p;—P;)! is the j™ central mo- 
ment of the binomial distribution and is 
known, we get 


ok 





E(1 - Pa) = (1 = P,)* + a 
: ,k-2 Px(1 — Py) 
(1 — Pi) ee. Were 
_ kk — Dk ~-2) Q _ pyes 
6 
Pl — Py)(1 — 2P;) 
es 
(3) 
4 K(k — 1)(k — 2)(k — 3) 
24 
, \k-4] 3P1(1 — Py)’ 
-(1 +s I - 4 k Lib isa x i 
P,(1 — Py)(1 — 6P; + =) 
> a 
+I 


1 3 
+0(x). 
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TABLE 10 ‘ ie 
VALUES OF A AND BIN i ~ A(1/Nr) + B(1/N}); E[(1 — Pa) | = (1 — Py) ’ 
WHERE P; 1S PROPORTION OF SUCCESSFUL 
SoLutions BY INDIVIDUALS AND THERE ARE k wes 1) 1— P,)* 
INDIVIDUALS IN A Group; First ENTRY IN war th oe 
Cett 1s A; Seconp Entry IN CELL Is B 
yor! Pi(1 — P,) 2k(2k = 1) (2k ae 2) 
‘ ; om 
" | | ase , (8) 
ao CS a a Ge = 8s" - P00 + a 
.05| .1715 | .3482 ae son 1.0238) 1.2677) 1.8868 ¢) Ni 
—.1579 |—.5864 |—1.2791|—2. 1561|—3.0985|—3.9716| 4.9155 2k (2k — 1)(2k — 2)(2k — 3) 
-10| .2916 | 5314 | .7653)  .9686) 1.1297) 1.2455| 1.3509 + 24 sane 
—.2430 |—.7086 |—1.1479'-1.2914 —.9414, 0 | 6.0788 , 
| — > 
15| .3685| .5000| .7604| .8686/ .9037/  .88e7| . eg40 ‘i ~-Py?" = wi 
—.2709 |—.5638 | —.4752} 2044, 1.4618] 3.1364| 8.5097 Nj i 
.20| .4096 | .58¢2 | .6711) .6711| 6185; .5388| .2882 Pi — P.)(1 = 6P, + OF) ‘ 
—.2560 |—.2949 | .0839) 1.3422 2.7058! 4.0407| 6.1609 + NG 
. * where 
25 | .4219 | .5339 | .5339) .4693/ .3801| .2910| | .1057 3 
—.2109| 0 .8009| 1.8771) 2.8509} 3.4923) 3.3615 +0 (x. .) A 
-30| .4116 | .4538 | .3953] .3027| 2136/1424) 0342 m (9) B 
—.1470 | .2503 | 1.1012) 1.9024) 2.3643) 2.4416 1.4729 "Thus 
.35| .3845 | .3655| .2745) 1812) 1103) .0634/ |. 0098 2 . 2 
—.0739 | .4498 | 1.1720) 1.6171) 1.6751) 1.4632) .5506 Org = E[(1 — Pa)'] — [E(1 — po)! 
40| .3456| .2700| .1792| 2008] .0sa2| .0256| 0024 _ Py(l — Py) J} 2k(2k — 1) _— 
0 | 5599 | 1.0750) 1.2093) 1.0448) .7680) .1755 ~ Ni 5 ; B(1/ 
.45| .2995 | .2038 1096 0518 .0226, © .0093) .0005 oe 
.0681 | 5930 ssa a _ wis 0475 <=" oe | if py i 
50 | 2500} .1406 | .0625) 0244/0088 .0030, .0001 : a Fix 
-1250 | .5625 | 6563) 4883, 2856) 1436, 0107 mn ei) oe 
Nj 
Therefore, ({f'2k(2k — 1)(2k — 2)(2k — 3) 
[E(1 — Pg)]? = (1 — P,)™ 8 
P,(1 — P;) k(k — 1)(k° — 3k + 3) 
k(k — 1)(1 — P,)*" : Sos ie: 
+ k( )( 1) N, (7) 5 
1 k(k — 1)(k° — 3k 3) 
(4) a p tks 24 p . Fix 
oid 4 Pal = P(t — 2P) ae 
—k(k 553 1)(k ari 2) >» \2k—3 er, ‘ N? 
eae (1 — P,) I 
\ 1\3 _d| kk — D(k — 2) 
-P,(1 = PQ sia 2P,) +O (2.) . 3 7 
J Ni 
Now _ 2k(2k° pe (1 — P,)?* py 
6) G—po?? = (1-—P,) — (p: — P,)f*. 6 
Taking the expected value of both sides, we +0 1Y’ ae : 
get Ni} | | est tel 








oo 


2 P,(1 — P;) ae 
Tr = ee eee yy 
Pi(1 — P,)’ 
+ ei es 
{Ee NG 3k — 5) (ix py 
(8) 2 


ea - - PC - - - 2P;) 
ie N? 


{ke(k — 1)(1 — I 


1 3 
ve es 


aed 


Maximum VALUES OF A IN op, ~ A(1/Nr) + 
B(1/Nj) ror Fixep k anp CORRESPONDING 
ai AND FOR FIXED Ps AND CORRESPONDING ik 


C siaiheiaasilien 








Fixed k P,  - 

2 . 2500 .4219 

3 1667 . 6026 

4 . 1250 . 7854 

5 . 1000 - 9686 

6 0833 1.1529 

7 .0714 1.3367 

8 .0625 1.5192 

9 0556 1.7052 

10 .0500 1.8868 

cs Corresponding 
Fixed P, k’ A 

05 19.5 2.7060 

10 9.5 1.3530 

15 6.2 . 9032 

. 20 4.5 .6786 

} 25 3.5 5444 
30 2.8 4561 

35 2.3 3926 
.40 2.0 3458 

| 45 1.7 3098 
50 1.4 .2816 


*k must be an integer but is given to the near- 
, est tenth to point up differences. 
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or 
a as n+ B-.+0 (1) 

~~ = <i N, 
* where 

A = k?P,(1—P)**"! 

(9) B = k(k—-1)P;11—P,)**? 
- (4P,(8k—1)—1]. 

4 TABLE 11 
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Table 10 gives A and B for k = 2, 3, 4, 5, 6, 
7, the range of experimental group sizes and 
for k = 10, a possible upper limit to the size 
of groups employed to solve Eureka type 
puzzles; and for P; = .05 to P; = .50 at 
intervals of .05 since P; = .50 seems a real- 
istic upper bound beyond which groups prob- 
ably would not be formed to attempt solu- 
tion. One interesting point to observe is that 
maxima occur for A for fixed k, and for fixed 
P,, and A is the important contribution to 
05g. Thus within the range of experimental 
values of group size and P,, it is possible to 
get dramatic changes in 03, by small changes 
in P; and group size. Table 11 gives the 
maximum value of A and resulting value of 
P, for fixed k and the maximum value of A 
and resulting value of k for fixed Py. 


SUMMARY 


There can be little doubt that “level of 
aspiration” significantly affects the number 
of solutions to the problem given. Whether 
“aspiration” reflects a genuine self-report of 
lack of ability, or lack of interest, or lack of 
effort cannot be ascertained from the data, 
but it is significant that no individual with- 
out aspiration, working alone, was able to 
solve the problem. To some degree, the tend- 
ency may be carried over with the perform- 
ances of groups. The data, however, are not 
only sparse but they are contaminated by the 
amount of previous knowledge the individu- 
als brought to the solution. Among groups, 
if at least a member claimed to have solved 
the same problem previously, the relative 
number of solutions in general supported 
the assumption underlying the model, i.e., 
if the group has at least a member with the 
ability to solve, the problem will be solved. 
Since the validity of the retrospective mem- 
ory cannot be evaluated, some members may 
have overclaimed (or underclaimed) their 
previous experience with the Tartaglia prob- 
lem. Taking the claims at face value, how- 
ever, suggests that there may be instances 
in which the member with the ability to solve 
does not contribute or may be prevented 
from contributing his skill. 

In problem-solving experiments, there is 
a need to consider the factor of previous ex- 
perience. In the classes participating in this 
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experiment, about a third indicated that 
they had no previous experience with a simi- 
lar or the same problem, that is, about two 
thirds had some experience either with a sim- 
ilar problem or with the same problem. While 
it cannot be expected that previous experi- 
ence will inevitably transfer or that the ex- 
perience when it transfers will transfer posi- 
tively, there is some chance that previous 
experience may be one of the factors influ- 
encing the reported differences in the propor- 
tion of solutions by different groups at dif- 
ferent times. In comparing the results of 
experiments at different time periods, re- 
searchers should be aware of the difficulty in 
assuming equivalence of populations. Per- 
haps the variance of proportions of group 
solutions developed in this paper under the 
assumption that the ability model is operat- 
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ing may be helpful in choosing among sey. 
eral explanations of group performance. 
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GRD 


A certain man of Cheng was going to buy himself a new pair of 
shoes. He took measurements of his feet, but he forgot to bring the 
measurements along when he went to a shoe shop. He returned 
home for the measurements but the shop was closed by the time 
he went back to it so he could not buy any shoes. Someone asked 
him, ‘‘Why didn’t you let them try the shoes on your feet?’’ And 
the man replied, ‘I would rather trust the measurements than 


trust myself.” 


HAN FEr-Tsk (tr. Lin Yutang) 
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ACHINES built to solve problems have 

been with us for some time now 
and many more are bound to come. Of 
}note, for example, are the work of Newell, 
Shaw, and Simon (1958) and the artefacts 
proposed by MacKay (1956). Of interest 
to psychologists would be machines that 
solve problems as humans do. This requires 
first some research on humans solving 
problems, expressing the process in a lan- 
guage which is capable of translation into a 
program. It is hoped that the present study 
contributes toward this aim. 

The focus of attention in this study is 
centered on problem solving as a process 
and not on any ultimate outcomes of the 
process, successful or otherwise. What is of 
interest is the succession of trials made by 
¢the subject in solving a problem, the in- 
formation available to him prior to each 
trial, and the ‘‘mechanism”’ inside the sub- 
ject which might account for the specific 
linkage between information (input) and 
trial (output) which can be observed. 

_ It has been found convenient to think 
‘of intelligent behavior as an information 
| flow system in which certain transactions 
take place between the person and an 


1 
} 





1The author wishes to thank A. Rapoport, 
| C. Foster, S. Kornblum, and L. Uhr for stimulat- 
ing and helpful discussions and suggestions. 
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Problem solving is here viewed as a process in which a person constructs 
a population of possible hypotheses about his environment, selects one or a 
few of these for testing, submits them to a test, receives information from 
the environment regarding the truth or falsity of the hypotheses tested, 
adjusts his population of possible hypotheses in the light of the available 
evidence, selects a new hypothesis, and so on, until he has created some 
“fit” between his guesses about the environment and his experience in it. 
The question raised in this paper is whether among the “population” of 
hypotheses available to the subject, certain ones will be given preference 
and so chosen before the others. It seems such biases do operate and can be 
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FORMAL NATURE OF A PROBLEM-SOLVING PROCESS 
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environment. In the situation studied, the 
subject, when given a problem to solve, 
makes a given trial, receives information 
from the environment (i.e., from the prob- 
lem), then makes a further trial, and so on 
until he receives a signal from the environ- 
ment which conforms to his requirement 
for problem solution. A schematic repre- 
sentation of intelligent behavior as_pro- 
posed by MacKay (1956) is shown in Fig- 
ure 1. F is the environment or ‘Field.” 
The subject is composed of the three 
linked subsystems labelled C, E, and R. E 
is the person’s ‘effector system,’ i.e., the 
system which performs certain trials on 
the problem. E is governed by C, or the 
‘control system.’ This is the person’s cogni- 
tive or control system which scans from 
moment to moment among the _ possible 
action alternatives which have not as yet 
been explored and which selects what FE 
shall do next. C must receive information 
from the field concerning the sticcess or 
failure of E’s trials and therefore concerning 
the system’s relative closeness to the goal 
(as indicated by the length of the interval 
X-Y). This information it receives via a 
receptor system, R. 

For the experiments which will be de- 
scribed here a task was available such 
that the trials made by the subject from 
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Fic. 1. Schematic representation of intelligent 
behavior. 


moment to moment (i.e., the outputs of the 
effector system, EF), the information forth- 
coming from the environment (i.e., the 
inputs to the receptor system, R), and the 
achievement of the goal (i.e., the coinci- 
dence of X and Y) could be measured ob- 
jectively. With the help of these measures 
it was then possible to test certain notions 
concerning the processes of selecting among 
specific effector actions going on inside the 
control system C. That is, it was possible 
to test certain hypotheses about the think- 
ing process. Granted that there is a control 
system, at least three questions may be 
asked with regard to its modes of operation. 














Fig. 2. Chart indicating among which lights rela- 
tions exist. 
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1. What is the population of alternative 


events considered by the control system at 
any given moment? Is its formulation of 
events exhaustive or restricted? If the lat- 
ter, what seem to be the principles generat- 
ing restriction? 

2. Given the population of alternative 
events, does the control system scan ran- 
domly among these in selecting its input 
to the effector system? If not, can certain 
biases be pinpointed and quantified? 

3. Does the population of alternative 
events remain constant (in the sense that 
no new alternatives are added) from mo- 
ment to moment or do new alternative 
events, previously not incorporated, be- 
come included as a function of experience? 

Various theoretical models which deal 
with these three questions concerning the 
control system will be outlined. However, 
since a descripion of the models can be 
given most concretely in regard to the ex- 
perimental task given the subjects, a de- 
scription of this task is in order first. De- 
scriptions of the experimental task have 
appeared in a number of publications (John, 
1957; John and Miller, 1957; and Rapoport, 
1958). The statements concerning the ex- 
perimental task which follow below have 
been taken largely from Rapoport.? 

“The subject is faced with a board on 
which nine numbered light bulbs are 
arranged in a circle at the center of which isa 
tenth bulb. Each of the peripheral bulbs 
may be lit by an adjacent button. More- 
over, relays are so arranged inside the ap- 
paratus that lighting of certain lights may 
result in the lighting of other lights follow- 
ing a constant ‘synaptic delay’ of three 
seconds. A ‘problem’ is a programming in 
the apparatus so that certain causal rela- 
tions are only partially represented by 


arrows on a chart attached to the mounting , 


board. An example is given in Figure 2. 
The point of the problem is that the mean- 


*The apparatus to be described, the PSI, 
based on the isomorphism of certain networks 
of relays and the calculus of propositions [pre- 
viously discovered by Shannon (1938), and by 
McCulloch and Pitts (1943)] was developed in 
Chicago by R. John, J. G. Miller, S. Molnar, and 
H. J. A. Rimoldi. 
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THE ForMAL NATURE OF A PROBLEM-SOLVING PROCESS 


ing of the arrows on the chart is ambiguous. 
An arrow from | to the center light C may 
mean that 1 is necessary to light C or 
sufficient, or both, or that 1 inhibits C. 
The subject’s task is to obtain sufficient 
information about these relations, by 
pushing any button he chooses, to be able 
to cause the center bulb to be lit by manipu- 
lating buttons 4, 5, and 6 only. We will 
refer to these as the circled buttons. 

There is a unique solution to each prob- 
lem, consisting of a certain sequence of 
pushes of the circled buttons or of their 
combinations. For example, the solution to 
the problem shown in Figure 2 is the push- 
ing of buttons 4, 6, 5, 6 in the successive 
time periods. 

There are a number of ‘rational’ ap- 
proaches to the problem. Let us begin by 
making a chart of the connections indi- 
cated by the arrows. Figure 2 is formally 
equivalent (as a linear graph) to Figure 3. 
However, many characteristics of the prob- 
lem are visually displayed in Figure 3, which 
immediately suggest various lines of at- 
tack. This chart displays what the sub- 
ject does not know. For example, in Figure 3, 
the convergence of arrows leading from 1, 
2, and 6 upon C could induce the following 
questions: Which combinations of 1, 2, 
and 6 are necessary or sufficient or both to 
light C? Is one or more of them an in- 
hibitor? If so, which one? Similar ambigui- 
ties are apparent in the other three junc- 
tures, that is at lights 1, 2, and 9. A single 
arrow leading to a light presents no am- 
biguity. This is in consequence of the condi- 
tion explained to the subject that each 
arrow ‘means’ something, hence a single 
arrow can mean only ‘necessary and suffi- 
cient,’ otherwise its presence or absence 
would make no difference.” 

Thus, given that the subject formulates 
the problem in terms of a chart as repre- 





Fic. 3. Fig. 2 displayed in time sequence. 
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Fic. 4. Graph depicting ambiguities existing 
with respect to the convergence of 1, 2, and 
6 on C. 


sented in Figure 3, he will ask himself some 
questions concerning the ambiguities pres- 
ent at each of the four junctures. Most sub- 
jects start with the ambiguities which are 
apparent at C, and then work “backward” 
to the ambiguities existing at lights 1, 2, 
and 9, respectively. It is at this point that 
some theoretical models are needed if an 
attempt to predict the various consecutive 
choices which subjects will make over a 
number of trials is to have a rationale. 
These theoretical models must deal with 
the questions concerning the processes of 
the control system which were listed earlier: 
(a) what is the population of alternative 
events, or the population of questions, with 
which the subject is concerned from trial 
to trial; (b) does the control system sample 
randomly within these or, if not, can its 
biases be identified and quantified; and 
(c) does the population of alternative 
events remain constant from moment to 
moment or do new alternative events, pre- 
viously not considered, become included 
as a result of experience? Three alternative 
theoretical models will now be advanced, 
demonstrating that more than one answer 
can be given to the three questions which 
have been raised. An empirical test of each 
model will then help to answer the question 
of how the control system operates or at 
least how it does not. 

The models will only be carried to an 
analysis of the ambiguities existing with 
respect to lights C, 1, and 2. However, in 
the discussion section, the application of 
the models to the entire problem-solving 
process will be considered. 


MODEL 1 


In Model 1 the following psychologica 
events are postulated: : 
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Fic. 5’. The universe of alternative choices with regard to the convergence of 1, 2, and 
6 on C on the first trial which is made in respect to that convergence. 


1. Goals. Having been given the experi- 
mental task, the subject breaks the total 
goal (i.e., ‘“‘to light the center light using 
circled buttons only’”’) up into a number of 
subgoals, the most immediate of which is to 
light the center light from the lights directly 
impinging on it. 

2. The universe of alternative choices. 
Having formulated the goal, the subject 
then considers the question what combina- 
tions of 1, 2, and 6 could light C. In Model 1 
it is assumed that the universe of possible 
combinations is made up of all the graphs 
which it is possible to construct by assign- 
ing permitted values to the arrows in the 
graph given in Figure 4. That is, the subject 
perceives the graph in Figure 4 as a whole 
and proceeds, by assigning meanings or 
values to the arrows, to list various mean- 


3 A 1 over an arrow denotes a sufficiency. Thus, 
in alternative a, all three lights 1, 2, and 6 are in 
themselves sufficient to light C. A fraction over 
an arrow indicates a necessity but not a suffi- 
ciency. If the fraction is 144, it means that the 
light from which the given arrow emanates plus 
one other light will activate C. Thus, in alterna- 
tive b, it is indicated that combinations 1, 2, and 
1,6, and 2, 6 will all light C. A minus 1 over an 
arrow indicates an inhibition. Thus, in alternative 
d the combination of 1 and 2 will light C but, as a 
result of the inhibitory capacity of 6, should 1, 
2, and 6 be pressed together, C would not light. 
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ings which the ambiguous graph in Figure 4 
might have. The universe of graphs ob- 
tained as a result of the assignment of all 
possible values to the three arrows is 
given in Figure 5. The subject does not 
necessarily consider the entire universe of 
graphs prior to a given trial. All that is 
assumed for the moment in Model 1 is that 
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the subject proceeds from a consideration 
of Figure 4 as a whole, that he scans or 
samples randomly within this universe 
considering various alternatives, and_ that; 
at a given time (which may or may not be 
random) during this scanning process he 
decides to try the alternative under con- 
sideration at that moment. Given a random 
scanning process and selection of a given 
alternative at a given time, the probability 
that a certain alternative will be chosen can 
be derived from a knowledge of the universe 
of alternatives (see Figure 5). Since the! 
subject’s endeavor is to find out how to 
light the center light, the alternatives with 
which he will be concerned will be: 

a. | lights C 

b. 2 lights C 

c. 6 lights C 

d. 1 and 2 light C 

e. | and 6 light C 
. 2 and 6 light C 
g. 1, and 2, and 6 light C 
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In Table 1, column 2 are presented the 
probabilities of each of these events occur- 
ring given the above universe, and hence 
the probabilities of each of these events 
being selected as a trial. In column 3 of 


| Table 1 are listed the probabilities that a 


class of choices will be made. For example, 
the class of choices labeled w —+ z includes 
choices 1 +> C, 24C, 64C. The prob- 
ability that a choice of the class w—>z 
will be made is now the probability that the 
subject will make a 1 + C, or a 2 4C, 
or a 6 +> C choice. Given a group of sub- 
jects, the probabilities in Table 1 can be 
used to predict the percentage, or the 
number, of subjects which might be ex- 
pected to make a choice of the class w + z, 
of the class w,x > z, or of the class w, 
2,y +> z. 

After a choice has been made, certain 
of the possible alternatives in the universe 
(see Figure 5) become eliminated. New 
probabilities for the next choice can then 
be computed from this more limited uni- 
verse in the same way in which they were 
computed for the original universe (see 
Table 1). 

The assumption so far has been that 
scanning within the universe of alternate 
choices occurs on a random basis. However, 


at least two biases in the scanning process . 


can conceivably be postulated. One is what 
will be called a bias toward simplicity, the 
other is a bias toward strategy completion or 
persistence in a given strategy. The first 
bias takes the form of scanning consistently 
more heavily than is warranted by fre- 
quency of occurrence in the population 
those alternatives which are simple than 
alternatives which are more complex. It has 
been assumed that alternatives of the class 
w—»z are simpler than those of the class 
wie —->z, or wix,y +z. The second bias 
takes the form of a tendency to continue to 
test class wx +> z choices if a class w,x—+>z 
choice has been made just prior to the 
present choice. This tendency too, therefore, 
leads to the scanning of a certain class of 
alternatives more heavily than is warranted 
by the frequency of their occurrence in the 
universe. These two biases can be quantified 
by comparing predictions based on random 


“scanning with actual choices made by sub- 


TABLE 1 
THE PropaBiLity Tuat Cuoices or A GIVEN 
Crass WILt Be Mabe By a Group oF SUBJECTS 
IN RESPONSE TO THE CONVERGENCE OF 
1, 2, AND 6 ON C, ON THE First TRIAL 
IN Respect To THat CONVERGENCE 
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jects. Each bias can then be expressed as a 
constant and used to modify the probabil- 
ity values obtained under the assumption 
of random scanning. 

The description of Model | is now com- 
plete. The theoretical questions concerning 
the control process have been dealt with, 
i.e., (a) the universe of alternative choices 
has been outlined, and (b) it has been 
shown how .certain biases in a random 
scanning process might be identified and 
quantified. 

Model 1 may now be applied to the next 
set of major steps in the problem solving 
sequence. These concern the trials which 
the subject makes after he has been suc- 
cessful in lighting C by trying 1, 2, or 6 
singly or in combinations. In this particular 
problem the subject will have found out 
that the combination of 1 and 6 lights the 
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Fic. 6. Graph depicting ambiguities existing 
with respect to the convergence of 3 and 5o0n 1. 


center. If the subject has tried one other 
pair, in addition to 1 and 6, he will further 
know that 2 inhibits the center. To apply 
Model 1 the goal or goals and the universe 
of means must again be stated. 

1. Goal(s). Assume that the subject 
knows that the combination of 1 and 6 
lights C and that 2 inhibits C. The subject’s 
most immediate goal now might become 
just simply to light 1 from the lights di- 
rectly impinging on it, or to light 1 without 
lighting 2. In the latter case he would not 
merely be concerned with the lights which 
impinge on 1 but also with whether they 
impinge on 2 and therefore might activate 
2, creating a combination of 1 and 2 when 
the activation of 1 alone is desired. On a 
priori grounds there seems to be no reason 
to favor one assumption over the other. 
Thus each assumption will be allowed and 
its consequences tested against the experi- 
mental results. Either of the following two 
assumptions regarding goals may be made: 

a. (The weaker assumption). The sub- 
ject’s goal is to light 1 from the lights 
directly impinging on 1. 

b. (The stronger assumption). The sub- 
ject’s goal is to light 1 from the lights im- 
pinging on 1 and to avoid 2. 

2. Universe of alternative choices. 

a. If assumption a (the goal is: to light 
1) is made, the subject will be interested 
in the lights which impinge on 1 and he will 
be concerned with the total graph shown in 
Figure 6. The universe of alternative choices 
is given in Figure 7. 

The probability with which the classes 
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of alternative choices w -> z, and w,z > z 
will occur in a number of subjects is 
given in Table 2. 

Probabilities for consecutive trials may 
again be computed by taking account of 
alternatives eliminated by a given trial 
and computing probabilities using a more 
restricted universe as a basis. 

The class of alternative choices wz 
is of course made up in this instance of the 
choice 3 +> 1 or the choice 5-1. If the 
former is chosen by the subject, he finds 
that 3 does not light 1 which still leaves 
him with the alternatives c and d (see 
Figure 7). If the subject has chosen 5 > 1, 
he finds that 5 does not light 1 but that 5 
lights 2 (which he knows must be avoided). 
Inasmuch as for this subject alternatives b 
and d remain (See Figure 5) and inasmuch 
as alternative d includes 5 (and therefore 2), 
it is assumed that under these circumstances 
the subject no longer can restrict his atten- 
tion to the lighting of 1 solely, but must 
include in his goal the avoidance or in- 
hibition of 2. This case then automatically 
reverts to what was called assumption b 
regarding the subject’s goal (i.e., “‘to light 1 
without 2’’). 

b. If assumption b is made regarding the 
subject’s goal he will from the outset be 


interested in the lights which impinge on 


1 as well as in the lights which impinge 
on | and 2, if any, and if the latter is the 
case, he will be interested in the lights 
which impinge on 2 generally (inasmuch as 
he must take account of the fact that it 
may not be possible to avoid 2 in the light- 
ing of 1 and consequently that it may be 
necessary to inhibit it). Thus the subject 


will be concerned with the total graph ; 


shown in Figure 8. 

The alternative choices with which the 
subject will be concerned are listed in Fig- 
ure 9. 
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Fig. 7. The universe of alternative choices with regard to the convergence of 3 and 5 on 1, 
; on the first trial which is made in respect to that convergence. 
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TABLE 2 


THE PROBABILITY THAT CHOICES OF A GIVEN 
Crass W1Lu Be Maps By a Group oF SUBJECTS 
IN RESPONSE TO THE CONVERGENCE OF 3 AND 
5 oN 1, ON THE First TRIAL IN RESPECT 
to THAT CONVERGENCE 








Classes of alternative 





choices Probability 
W-> Z 4/6 = .67 
W,X-> Z 2/6 = .33 





In Table 3 are listed the probabilities 
that certain classes of alternative choices 
will be successful in lighting 1 without light- 
ing 2. 

The class v +» z, includes choices 3 + 1 
and 5—» 1, where the relation of 5 to 2 
is such that 2 will not become activated by 
5 and hence 9 does not become involved. 
The class v,w-—»z consists of 3,51, 
where 9 again does not become involved. 
The class v +z; v,w-> y consists of 5 > 
1 and 5,9-%2 (ie, 542, and 9=50). 
Finally, the class v,w > z; w,x -% y, con- 
sists of 3,541, and 5,9-%2. 

Probabilities underlying future choices 
can be computed similarly, after elimina- 
tion of impossible alternatives from the 
universe. 

Model 1 has now been carried as far as 
it needs to be for the experimental data to 
be reported. Models 2 and 3 will now be 
discussed. 


MODELS 2 AND 3 


Since these two models are related they 
will be taken up jointly. Differences be- 


. tween the models will be pointed out when- 


ever they occur. 

1. The subject’s goal. As in the case of 
Model 1, it is assumed that the subject, 
having been given the experimental task, 
breaks the total goal of solving the task 
up into a series of sub-goals, the most 
immediate of which is to light the center 
light from the lights directly impinging on 
it. 

2. The universe of alternative choices. 
In Model 1 this universe was constructed 
on the assumption that the subject per- 


» ceives and considers at all times the con- 


Fig. 8. Graph depicting ambiguities existing with 
respect to the convergence of 3 and 5 on 1, 
and of 5 and 9 on 2. 


figuration of 1,2,6-—>C as a totality and 
never considers a possible value of an arrow 
in this graph apart from the values which 
the other arrows can have conjointly. In 
Models 2 and 3 such an assumption is not 
made. Rather, it is assumed that the sub- 
ject will assign values to the arrows totally 
independently from any considerations of 
the values which other arrows might have, 
except where the value of a given relation- 
ship requires consideration of more than 
one arrow. Thus, in supposing that 1 
might be sufficient to light C (1-4 C) the 
subject defines this as an event in his mind 
and does not bother about the various 
value conditions for other arrows (i.e., al- 
ternatives a, g, h, 1, and o in Figure 5 
listed for Model 1) under which 15¢€ 
could indeed occur. Likewise, in consider- 
ing that 1 may be necessary to light C but 
not sufficient, the subject may propose 
1,24C, or 1,6-—C as possible events, 
again without bothering about possible 
values for the relation between the third 
light and the center. In brief, the universe 
of alternative choices is different in Models 
2 and 3 than it is in Model 1. This universe, 
at the start of the problem, is indicated in 
Figure 10. 

The probabilities of classes of alterna- 
tives related to the lighting of C occurring 
in a population of subjects may again be 
listed (see Table 4). 

So far Models 2 and 3 are identical. 
However, they differ in the effect which 
experience has on the composition of the 
universe of alternative choices. An example 
will clarify the differences. Suppose that on 
trial 1 the subject decided to see whether 1 
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Fic. 9*. The universe of alternative choices with regard to the convergence of 3 and 5 on 1, 
and of 5 and 9 on 2, on the first trial which is made in respect to that convergence. 


and 2 together light C. The subject would 
have found that 1 and 2 together do not 
light C. The assumption made in Model 2 
is now that the only effect which the latter 
finding has on the universe is the elimination 
of alternative d (see Figure 10), so that 
for trial 2 the probability values in Table 4 
would be 3/6, 2/6, and 1/6, respectively. 
Thus in Model 2 the seven events are 
treated at all times as totally independent. 
In Model 3, on the contrary, the assump- 
tion is made that experience can break up 
the initial independence between alterna- 
tives in the universe. Thus, if the finding 
has been that 1,2-4C is false, it would 
mean in Model 3 not only the elimination 
of aliernative d from the universe but also 


4The bracketed alternatives, while logically 
possible, are nevertheless eliminated inasmuch 
as they require that 1 can never be lit without 
simultaneously lighting 2 and thus preclude a 
solution to the problem. 


the elimination of the independence be- 
tween alternatives a and b (see Figure 10). 
That is to say, once 1 — C and 2 > C have 
been joined together in experience, they can 
no longer be considered separately. Thus, 
the subject will no longer postulate that 1 4 
C or that 2-4C, but rather that 14 C, 


TABLE 3 
THE PropaBILity THat CHoIcEs oF A GIVEN 
Crass WILL Be Mabe By a Group OF SUBJECTS 
IN RESPONSE TO THE CONVERGENCE OF 3 AND 
50N 1, AND5 AND 9 ON 2, ON THE First TRIAL 
IN Respect TO THAT CONVERGENCE 


Classes of alternative 


: Probability 

choices . 
Voz 12/19 = .63 
VW>Z 4/19 = .21 
V>Z:V,W>Y 2/19 = .10 
V.WoZ;W.X-Y 1/19 = .05 
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Fic. 10. The universe of alternative choices with regard to the convergence of 1, 2, and 6 on 
C on the first trial which is made in respect to that convergence. 


if and only if 2=.C, or that 24C, if 
and only if 1 =. C. The way in which this 
situation may be described conceptually is 
that the subject fluctuates between two 
universes which may be represented as in 
Figures lla and 11b, respectively. 

The relation between Models 2, 3, and 1 
is now clear. In Model 2 total independence 
among alternatives is assumed. In Model 3, 
dependence among alternatives grows as 
indicated by experience. In Model 1 the 
dependence between alternatives as- 
sumed from the outset. 

Models 2 and 3 will now be applied to the 
next major steps in the problem-solving 
process, namely, those which follow upon 
the successful lighting of C from the lights 
which directly impinge on it. The subject 
will have found out that 1 and 6 together 
light the center. If the subject has tried one 
other pair of lights in addition to 1 and 6 
he will, assuming Model 3, know in addition 
that 2 inhibits C.2 Assuming Model 2, the 
subject would know that 2 inhibits C if in 


1S 


| addition to trying the combination 1,6, he 


5 Suppose he has tried 2,6 — C first and found 
these do not light C, and he has followed this by 
1,6 > C. These two trials eliminate (see Figure 
10) alternatives f, h, j, g, d and b (sinee if 2 — C 
were equal to '9 or 1, then 2, 6 would have lit C, 
since 6 — ( has a value of either 1 or !4). This 
leaves 2-1,C as the only possible value for 2 > C. 


had also tried 1,2; 2,6; 1,2,6; as well as 2 
by itself. 

Application of Models 2 and 3 to this 
new choice situation again follows the 
routine pattern of outlining the goal and 
the universe. 

1. The goal(s). As in the case of Model 1, 
two assumptions may be made with regard 
to goals. 

a. The subject’s goal is to light 1 from 

the lights directly impinging on it. 

b. The subject’s goal is to light 1 without 

also lighting 2. 

2. The universe of alternative choices. 
a. If assumption a is made (i.e., the goal is 
“to light 1’) the subject will be interested 
in the lights which impinge on 1. The uni- 
verse of alternative choices is given in 
Figure 12. 


TABLE 4 


THE PROBABILITY THAT CHOICES OF A GIVEN 
Cuiass WILL Be Mabe By a GrovpP OF SUBJECTS 
IN RESPONSE TO THE CONVERGENCE OF I, 2 
AND 6 ON C, ON THE First TRIALIN RESPECT 
to THatT CONVERGENCE 








Classes of alternative 





choices Probability 
Wd 3/7 = .43 
WX > 7 3/7 = .43 
W,X,Y > Z epee 
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Fig. 11b. The universe of alternative choices, 
given the assumption that 1=1,C. 


The probability with which the classes of 


alternative choices w > z, and w,x > z 
will occur in a number of subjects is given 
in Table 5. 


The class w —»z is, of course, made up of 


choices3 +> 1 or 5 + 1, and theclass w,2—> z 
is made up of the choice 3,5 > 1. If the 


subject chooses 3 > 1, he finds that 3 does 


not light 1 and he can then proceed to select 
among the two remaining choices. If he 


chooses 5 +> 1, he will find that 5 does not d. 3 =~, | 


light 1 but that 5 lights 2 (which he knows 
must be avoided). It is assumed again that 
under these conditions the subject cannot 
restrict his attention solely to the lighting of 


TABLE 5 


THE ProBABILITY THAT CHoices oF a GIVEN 
Cuass WiLu BE Mane By a Group oF SuBJECTS 
IN RESPONSE TO THE CONVERGENCE OF 3 AND 
5 on 1, ON THE First TRIAL IN RESPECT 
To THatT CONVERGENCE 








Classes of alternative 





choices Probability 
W>Z 2/3 = .67 
WX >Z 1/3 = .33 





1, and hence that his behavior now falls 
under assumption b with regard to his 
choice of goals (i.e., to light 1 without 2). 

The universe of choices and the prob- 
ability of their selection consequent upon 
assumption b regarding the subject’s goal 
will now be taken up. 

b. If assumption b is made the subject 
will from the outset be interested in the 
lights which impinge on 1, those which 
impinge on 1 and 2 simultaneously, and 
those which impinge on 2. The subject 
can now no longer be concerned with 5 — 1 
independently but he: has to consider pos- 
sible values of 5 — 1 interdependently with 
possible values of 5 — 2 and 9 — 2. How- 
ever, he will still consider 3 + 1 as an in- 
dependent event, and it is here that Models 
2 and 3 differ from Model 1 even under 
assumption (b). The universe of possible 
choices is given in Figure 13. 

Alternatives d, e, h, and i can appear 
without reference to 5 — 2 and 9 — 2 inas- 
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Fic. 12. The universe of alternative choices 
with regard to the convergence of 3 and 5 on 1, 


on the first trial which is made in regard to that 
convergence. 
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Fic. 13. The universe of alternative choices with regard to the convergence of 3 and 5 on 1, 
and 5 and 9 on 2, on the first trial in respect to that convergence. 


much as they preclude the lighting of 2 
simultaneously with 1. The bracketed al- 
ternatives are again logically but not 
practically possible. 

In Table 6 are listed the probabilities 
that certain classes of alternative choices 
will be successful in lighting 1 without 2. 

Probabilities underlying future choices 
can again be computed after elimination of 
alternatives which are excluded by virtue 
of the subject’s knowledge of the outcome 
of previous trials. 

The description of Models 2 and 3 is now 
complete and the three theoretical questions 
concerning the control process have been 
dealt. with in these models. That is to say, 
(1) the universe of alternative choices has 
been outlined, (2) biases in a random scan- 
ning process can be identified and quantified 
using these models as they can in the case 
of Model 1, and (3) it has been pointed out 


/ that in Model 2 the universe is composed of 


independent events and is fixed, whereas in 
Model 3 the universe is not fixed but de- 
pendence between events is developed as a 
function of experience. 

The differential accuracy attained by the 


» three models in predicting a sequence of 


choices which subjects make in solving the 
experimental task will now be discussed. A 
further test of the model will consist of an 
effort to demonstrate that a change in the 
problem solver (i.e., fatigue) can be repre- 
sented as a quantitative change in the 
parameters entering into the models. The 
implications. of the latter test are to lend 
generality to the models developed. 


EXPERIMENT 1 


In the experiment to be reported first, 77 
subjects were given the experimental prob- 


TABLE 6 


Tue ProBABILITY THaT CHOICES OF A GIVEN 
Cuiass WILL BE Mabe By a Group or SuBJECTS 
IN RESPONSE TO THE CONVERGENCE OF 3 AND 
5 0N 1 AND 5 AND 9 ON 2, ON THE First TRIAL 
In Respect to THAT CONVERGENCE 








Classes of alternative 





choices Probability 

V—>Z 3/7 = 43 
VW 2 2/7 = .29 
V > Z;V.W >Y 1/7 = 14 
1/7 = 14 


VW>Z;W.X>Y 
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TABLE 7 


Output Data FoR A TYPICAL SUBJECT: THE 
NuMBER OF TRIALS, THE TIME PER TRIAL 
(IN SECONDS), AND THE SEQUENCE OF BUTTON 
PusuHes Durine Eacu Time PERtop Wuicu 
Constitutes A TRIAL 

















Trial 
Trial No. Time Time Time Time Time 
Period 1 Period 2 Period 3 Period 4 
1 100 12 
2: 08 6 
3 36 16 
4 46 35 
5 64 359 
6 71 68 
7 cg 5 
8 167 39 
9 299 4 56 — 6 
10 80 8 
1] 


90 4 6 5 6 


lem presented in Figure 2.6 They were told 
to work at their own speed and go about 
solving the problem in any way they wished. 
Basic ‘‘out-put”’ data which were recorded 
by the experimenter were the sequence of 
trials used by the subject to solve the prob- 
lem and the time per trial. A trial is defined 
as a sequence of button pushes which re- 
sults in an uninterrupted sequence of lights 
flashing on the display board of the ma- 
chine. Thus a subject might push buttons 3 
and 5 simultaneously and this would con- 
stitute a trial. A typical sequence of trials 
and times per trial in seconds for the prob- 
lem presented in Figure 2 is reproduced in 
Table 7. 

It may be noted that three trials are ex- 
pended until the subject finds out what 
lights C (i.e., 1,6 + C). Following this the 
subject is obviously -concerned with the 
lighting of 1, trying out (3,5) in the process, 
and finding that 3,5 + 1 but also that 
5 ++ 2. Following this he tries to light 1 


6 Preceding this particular problem the sub- 
jects went through a training period in which 
they were presented with the concepts of suffi- 
ciency, necessity, and inhibition, and in which 
they were given a simple practice problem which 
however did not have the same ‘“gimmick”’ pres- 
ent in the experimental problem (i.e., the in- 
hibition of the inhibitor to the center) but was 
merely designed to demonstrate their under- 
standing of the basic concepts. 
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without lighting 2 by including a 9 in the 
(3,5) combination, the 9 being intended to 
inhibit the 2. He finds that the (3,5,9) 
combination indeed has the intended effect 
of lighting 1 without 2. He then has to 
worry about lighting 9 which he does via the 
(6,8) combination and which turns out to be 
successful. He now is in possession of all 
necessary facts to arrive at the solution 
which would be to press 4, 6, 5, 6 in succes- 
sive time periods. From a tape recording 
which was made of this session, it is ap- 
parent, however, that at this point (Trial 7) 
the subject feels the problem is getting too 
complicated. Thus instead of arriving at a 
solution, trial 7 is designed to find out 
whether 5 indeed lights 2. He finds that 5 
does light 2. Trial 8 now represents the ef- 
fort to do without 5 and use 3 to light 1. 
However, the idea of using 5 still seems to 
linger in his mind because he also pushes 9 
which serves no purpose at all in the absence 
of 5. Trial 8 can be characterised as a 
decided attempt at simplification of the 
problem, as an act which disregards some 
past information (i.e., is regressive), and 
finally as an act in which the regression 
itself is somehow illogical [i.e., the subject 
should have regressed on trial 8 to 3—but 
not to (3,9)]. In the final trials the subject 
tries to act within the reality of the situa- 
tion, except for trial 10 which is redundant. 

The subjects in this and the following 
experiment were not individuals but groups 
of three individuals who had to reach agree- 
ment on trials by unanimous decision. The 
question may of course be raised whether 
these groups can be treated legitimately as 
individual subjects. It may be asked whether 
anything is altered in the control process of 
the single individual by the addition of two 
persons in his environment. A description of 
the group process may suggest an answer to 
this question. In each person there was still 
in evidence an active control process as 
described in the theoretical models. It is 
certainly true that from moment to moment, 
any one member of the group, acting as the 
spokesman for the group, exemplified all the 
phases of a control process. It is further 
evident that one person, possibly the 
brightest member of the group, would act 
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more and more as the group’s spokesman as 
time passed. This person again would defi- 
nitely go through all the phases of a control 
process, as if an individual working by him- 
self. He would, however, make use of 
information, analyses, etc., provided by his 
fellow group members, the total group proc- 
ess suggesting an individual process in 
which the individual has a larger observa- 
tion and scanning capacity. The differences 
between the group’s and an individual’s 
performance are therefore assumed to be 
quantitative rather than qualitative, and 
expressable as a difference in the quantita- 
tive values assigned to the constants in the 
theoretical models. Using groups of three 
cooperating subjects who had to reach 
unanimous decision by means of prior dis- 
cussion, it was hoped that decisions for 
trials would be based maximally on a 
careful consideration of facts and available 
alternatives. 

Each of the three models predicts the 
probability that a subject will make a class 
wz, w,x > 2, w,x,y > 2, etc., choice on a 
given trial. Thus for a group of subjects, 
each model predicts the number of subjects 
whose choice on any given trial will prob- 
ably fall into one class or another. The 
predictions made by the models were 
checked against obtained experimental find- 
ings for the following trials. 

1. Trial 1: this is the subjects’ first trial 
on the experimental task, in which they are 
interested in finding out what combination 
of lights directly impinging on C will light 
Oe 

2. Trial 2a: this is the second attempt to 
light C for those subjects who on Trial 1 
made a class w +> z choice. The question in- 
vestigated here is: what class of choice will 
the subjects make on their second trial if 
their first trial was a x + z type choice and 
if it was not successful in lighting C? 

7 Of the 77 subjects, 51, or two-thirds of the 
population, approached the problem trying to 
find how to light C from the buttons directly 
impinging on (, and then ‘work back.’ Twenty- 
six started out working ‘circle buttons’ first 
and then reverted to the above strategy. To 
retain the conditions worked out for the models, 
namely that the subject ‘works back’ from C, 


the latter group of subjects was not included in 
the analysis. 
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3. Trial 2b is the second attempt to light 
C for those subjects whose first attempt con- 
sisted of a w,x +> z type choice which was 
not successful in lighting C. 

4. Trial 3a is the third attempt to light C 
for those subjects whose first and second 
attempt consisted of w +> z type choices 
both of which were unsuccessful in lighting C. 

5. Trial 3b is the third attempt to light C 
for subjects whose first and second attempts 
consisted of a w + z followed by a w,zx > z 
type choice, or vice versa, both of which 
were unsuccessful in lighting C. 

6. Trial 4 (Assumption a) is the trial 
which follows a successful lighting of C. It is 
the attempt to light 1 after it has been 
found that 1,6 lights C and 2 inhibits it. 

7. Trial 4 (Assumption b) concerns the 
attempt to light 1 from the lights impinging 
on | without lighting 2. 

8. Trial 5a (Assumption b) is the second 
attempt to light 1 for subjects whose first 
attempt consisted of trying 5 +> 1 and who 
found that 5 does not light 1 but 2 instead 
which must now be avoided or inhibited. 

9. Trial 5b (Assumption a) is the second 
attempt to light 1 for subjects whose first 
attempt consisted of trying 3 > 1 and found 
that 3 does not light 1. 

10. Trial 5b (Assumption b) is the second 
attempt to light 1 without 2 for subjects 
whose first attempt consisted of trying 
3 + 1 and were not successful.’ 

The predictions made by each model 
were checked against the obtained experi- 
mental findings by means of a chi-square 
test of agreement between a priori fre- 
quencies and obtained frequencies. The 
frequencies predicted and obtained are, of 
course, the frequencies with which subjects’ 
choices, cn a given trial, fall into the various 
classes of choices. That model, or those 
models, will be rejected as adequate predic- 


8’ This sequence of trials tested does not, of 
course, exhaust the population of all possible 
sequences. However, the trials listed above con- 
stitute those for which the N was large enough to 
warrant testing for statistical significance. 

9 In all tests, except those concerning Trial 1, 
the frequency tables from which chi-squares are 
computed are 2 X 1 tables. In order to work 
with an adequate N, frequencies in the w_1,z 
class are compared with frequencies in w,r_1,z 
class plus all other pertinent classes. 
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tions of the choice process for which a 
significant disagreement between prediction 
and obtained result can be demonstrated. 


Findings 


The findings are presented in Table 8. 
The ten columns represent the ten trials 
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listed earlier which were investigated. The 
three columns within each of these ten 
represent, respectively, the differences be- 
tween the percentages predicted for each | 
class of choice and the percentages obtained; ' 
the degree of closeness, expressed by means 
of chi-square between predicted and ob- 












































































































































TABLE 8*t 
1 2 3 4 5 
Trial 1 Trial 2a Trial 2b Trial 3a Trial 3b 

ag.| @ |] P | ae | x rp | da.| * Pp | am | ¢ p | aa | x] P 
No Bias -42 | 9.70) .01) .52/21.00;<.001|) .67 <.001| .78 <.001|} .06 | .05) .83 
1 S Bias .00 .00/ 1.0 .14 .56) .45 | 1.06 <.001) .50 | 4.7 .03 | .44 |3.5 | .05 
P Bias ee ee ot ee .001; .59} 2.93) .08 | .94 <.001} .16 | .34) .58 
S & P Bias} .00 .00) 1.0 .00; .00) 1.0 .00 .00} 1.0 .40 | 2.50) .11 | .44 13.5 | .05 
No Bias .28 | 4.2 .04| .38) 4.54) .08 .52 <.001) .66 <.001) .28 |1.04| .30 
2 S Bias .00 .00) 1.0 -10; .27) ..60 .82) 12.20/<.001) .44 | 3.59) .06 | .08 | .08) .78 
P Bias — | — | — | 1.4 <.001; .59) 2.93) .08 | .94 <.001) .16 | .34| .58 
S & P Bias} .00 00) 1.0 .00; .00) 1.0 .00 .00; 1.0 .38 | 2.31} .12 | .08 | .08) .78 
No Bias .28 | 4.2 .04) .38) 4.54) .03 .32} 1.92) .16 | .66 | <.001| .48 |3.11) .07 
3 S Bias .00 .00) 1.0 -10; .27) .60 -62) 6.67) .O1 | .44 | 3.59 .06 | .20/ .48) .50 
P Bias — | — | — | 104 <.001; .59) 2.93;<.08 | .94 | <.001) .16 | .34) .58 
S & P Bias} .00 | .00;1.0/ .00) .00/1.0 | .00; .00) 1.0 | .38 | 2.31) .12} .20| .48) .50 

6 7 | 8 | 9 | 10 
Kissin estate alae cea 
Trial 4a | Trial 4b | Trial 5a | Trial Sb 

Assumption a Assumption b Assumption b | Assumption a Assumption b 
ao | % | | | %, | | | cha ¢ et ioe 

dif, = | P| aift. | x” Pp {dim | | P | die, | * | P| aie | | OP 
No Bias | .32 | 5.8 | 02 40 8.58/<.01 | .72| 10.72, .001| .18| .54 .48 | .52 |4.86, .08 
1 |S Bias .02 | .05} .82) .08 .56| .48| .08 .06) .82| .20| .80, .35| .26 [1.41] .22 
PBiss | —|—| —|—|—| — | -28| 1-58) .20| .82/ 4.4] .03| -82 [4.4 | .08 
S & P Bias} .02 05) 82) .08) .56; 48 00, 00 1.0 .32 | 2.38) .12 | .38 |3.76) .05 

| | | } | 

| | | paar gates 
No Bias | .32/5.8| .02) .80 <.001) .72) 10.72} 001) .18 | .54, .48 | .52 |4.86) .03 
2 S Bias .06 03.88.70, <.001; .18) .57; .45 | .06 .08; .80 | .28 1.37 24 
P Bias —|—|—]—]|—] — | .28) 1.58! .20] 82! 4.4} .03| .82 |4.4| .08 
S & P Bias} .06 | .03 88.70 <.001; .10, .43) .50| .16) .45 .50| .18 | .53) .47 
— — (es rac as Pca Ra Sion He 
No Bias | .32|5.8/ .02; .80, |<.001| .72) 10.72! .001| 18.54) 48 | .52 |4.86, .03 
3 S Bias .06 .03| .88} .70 <.001; .18) 57) .45 | .06 .08) .80 | .28 1.37, .24 
P Bias se fie | ae | ot | a ee a) ee 4.4) .03 | .82 |4.4 | .03 
S & P Bias} .06 | .03 .88| .70 <-001) 10) 43 .50 | -16 | .45) .50 | .18 has AT 























* The N’s for trials 1 through 5b are, respectively, 51, 29, 17, 15, 13, 48, 21, and 17. 
t+ Empty chi-square cells indicate that the chi-square was not computed inasmuch as its p-value 
could be judged to be extremely significant. A dash in a cell indicates that the particular cell is not 
relevant. 
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tained frequencies for classes of choices; and 
the probability that the given value for chi- 
square points to a chance difference between 
theoretical prediction and obtained results. 
The three main rows in Table 8 denote the 


| three theoretical models tested. Each row 


is further sub-divided into four parts. In 
the No Bias row are explored the predictions 
made from a model when a random scanning 
process is assumed. In the S-Bias row the 
model is tested under the assumption of 
scanning with a simplicity bias. P-Bias 
denotes a persistence bias and S & P Bias 
denotes simplicity and persistence bias 
combined. These biases are computed as 
follows. 

It was found on Trial 1 that the assump- 
tion of random scanning did not lead to 
very accurate predictions for any of the 
models. The data showed a consistent sub- 
ject bias toward the selection of w +> z class 
choices over w,x > z or w,x,y > 2 class 
choices, and of w,x —> z choices over 
w,x,y +» 2 choices. The probabilities com- 
puted under the assumption of random 
scanning for each model were now multi- 
plied by constants expressing a simplicity 
bias (one constant for each class of choice), 
such that predictions from the model 
perfectly matched the obtained result. 
(Thus for Trial 1 the S-Bias row for each 
model shows a 0% difference, a 0 chi-square 
and a 1.0 p value.) These constants were 
assumed to be representative for the popu- 
lation and were applied throughout all 
further trials. It was found further that on 
Trial 2a, for example, S-Bias predictions, 
while fairly accurate, did not take account 
of a second bias, namely the bias to persist 


. in, and ‘run-out,’ a certain class of choice 


once it had been chosen on a previous 
trial. The S & P bias was computed by 
calculating the bias toward persistence 
which together with the bias for simplicity 
(which latter had been assumed and com- 
puted for Trial 1 and all successive trials) 
would give a perfect prediction for Trial 2. 
The constants thus obtained were again ap- 
plied on all further trials, except Trial 4, 
inasmuch as it was assumed that Trial 4 
is like Trial 1, i.e., the first trial in a series. 
It was found that the S & P bias for Trial 


2b was larger than for Trial 2a. The dif- 
ference is probably due to the fact that 
in Trial 2a the bias toward simplicity is 
already in the direction of persisting in the 
earlier choice class, and hence the second 
bias need hardly be involved, whereas in 
the case of Trial 2b the two biases act in 
opposite ways. Consequently S & P biases 
were computed for Trials 2a and 2b sepa- 
rately. The P-Bias row expresses the as- 
sumption that the choices made on succes- 
sive trials are merely expressions of a 
persistence in an earlier chosen class. 

The following findings are apparent from 
Table 8. 

1. The assumption that the subject 
scans randomly among the universe of 
possible choices, no matter what the universe 
of choices postulated (i.e., no matter what 
the theoretical model), is not supported by 
the data. The predictions in most instances 
deviate significantly from the obtained 
results (see the p-values in the No-Bias 
rows for each model). It should be pointed 
out, however, that in those instances in 
which the models make different predictions 
fi.e., Trials 1, 2a, 2b, 3a, 3b, and 4 (assump- 
tion b)], Models 2 and 3 come closer to the 
obtained results than Model 1 four out of 
six times. 

2. The assumption that the subject has a 
simplicity bias when he scans among 
possible choices is supported more strongly 
by the data, at least for some of the models 
and for some of the assumptions made re- 
garding the subject’s goals. 

a. The assumption of an S-bias leads, 
with one exception, to only chance dif- 
ferences between prediction and obtained 
results in the case of Model 3, if Assumption 
a regarding goals is made in all instances 
where there is a choice between Assumptions 
a and b, i.e., Trials 4 and 5b. (It may be 
recalled that under Assumptions a and b 
the goals are “to light 1,” and to “light 1 
without 2” respectively. The exception is 
Trial 2b where the p-value is equal to 
.01.)" When Assumption b is made there are 
two exceptions. The sum of all chi-squares 
in the former case is equal to 11.69 (p = .11), 


10 Significance is assumed to occur where p 
is smaller than or equal to .05. 
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with seven degrees of freedom; in the latter 
it is in excess of 23.78 (p < .01). Thus, it 
may be concluded that Model 2 (S-bias, 
Assumption a) leads to predictions of suc- 
cessive choices among classes of choices 
which deviate from the obtained results 
only in a chance fashion. Assumption b re- 
garding the subject’s goals is not supported 
by the findings. 

b. The sum of the chi-squares for Model 2 
(S-bias, Assumption a) is equal to 16.82 
(p = .02). The sum of the chi-squares for 
Model 2 (S-bias, Assumption b) is in excess 
of 28.94 (p < .001). It may be concluded 
that Model 2, given an assumption of a 


‘simplicity bias and Assumptions a or b 


regarding the subject’s goals, leads to pre- 
dictions which tend to deviate systemati- 
cally from. the obtained results. As in the 
case of Model 3, making Assumption a 
leads to better results than does making 
Assumption b. 

c. It may be concluded by inspection of 
Table 8 that any assumption regarding 
type of goal within Model 1 leads to sys- 
tematic differences between prediction and 
obtained results under the assumption of a 
simplicity bias. 

3. The assumption that the subject has a 
simplicity and a persistence bias leads to 
rather accurate predictions within some 
models and some assumptions. 

The assumption of an S & P bias makes 
for the absence of any systematic difference 
between prediction and obtained results in 
the case of Models 2 and 3, except when 
Assumption b is made regarding the sub- 
jects’ goal. The predictions made from 
Model 1 are also much better under these 
conditions. The sum of the chi-squares for 
Model 3 (S & P bias, Assumption a), and 
for Models 2, and 1, are, respectively 3.70 
(p = .60), 3.30 (p = .65), and 8.53 (p = .15), 
using five degrees of freedom. 

4. Predictions based purely on the notion 
of a P-bias do not lead to very accurate 
prediction. 

5. The only instance in which the sim- 
plicity adjustment does not improve pre- 
dictions over the No-bias assumption for 
Models 2 and 3 is on Trial 2b. This is found 
to be true also, though to a lesser extent, in 





the case of the second experiment (Table 
10). It may be remembered that Trial 2b 
presents an instance where the simplicity 
bias and persistence bias work in opposite 
directions. Nevertheless, there should be 
some evidence of a simplicity bias. One 
possible reason for this finding could be 
that a (w,x) type combination of buttons 
lights the center light in the practice prob- 
lem which is given to the subjects prior to 
the experimental task and that this past 
experience adds an additional bias to try 
further (w,x) type choices in subjects who 
have already made one such choice. 

In summary, it may be said firstly that 
the most successful predictions can be 
made when it is assumed that the subject 
scans a universe of choices with a simplicity 
bias or a simplicity bias combined with a 
bias which takes the form of persisting to 
have a new response fit the same choice 
class as an earlier response. (This bias 
could also be called a bias toward simi- 
larity.) Suecess in prediction is not attained 
when the assumption of random scanning 
is made. Secondly, the data lead one to 
suspect that the universe within which the 
subject scans for possible choices is not one 
that is fully elaborated at the outset (Model 
1), nor one which is overly simplified and 
remains so (Model 2). Rather, it is a uni- 
verse in which the various alternatives are 
largely considered independently from one 
another at the outset but in which these 
alternatives become joined into units and 
lose their independence when required by 
experience (Model 3). Thirdly, and related 
perhaps to the second main finding, is the 
finding that the subject has a tendency to 
start with simple goals enlarging and com- 
plicating these when required by experience. 


EXPERIMENT 2 


Thus far models have been presented for 
describing the thinking process (control 
process) which may be invoked to account 
for the observed behavior with reference to 
the present experimental task. These models 
postulate the particular universe of choices 
which a subject thinks are available to him 
at a given moment; they postulate various 
modes of scanning among alternatives that 
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could conceivably be employed by a control 
system; and, finally, these models postulate 
various modes of change in the universe as a 
result of experience. The models outlined are 
general and can presumably be applied to 
any task (as long as it can be expressed in 
the calculus of propositions), and to any 
person. The second experiment explores the 
generality of the models with respect to the 
latter question. That is to say, if there is a 
general model for the thinking process, the 
difference in the thinking of specific in- 
dividuals can be understood and predicted 
by mere quantitative changes in the param- 
eters of the model. The differences in the 
thinking of specific individuals which will be 
explored here are the differences in the 
thinking of individuals who are fatigued and 
those who are not. Specifically, the models 
discussed make choice behavior a function 
of three parameters: (1) the probability of a 
choice being chosen out of a universe of 
choices, (2) the simplicity of that choice, and 
(3) the similarity of that choice to a just 
prior choice. Given a general model, fatigued 
subjects should differ from normal subjects 
in terms of the quantitative values which 
need to be assigned to the three parameters 
listed above. 

Before presenting the findings a_ brief 
description will be given of the fatigue ex- 
periment. The subjects in this experiment 
(24 groups in all) were given the same task 
as the subjects in the first (non-fatigue) ex- 
periments. However, the fatigued subjects 
started to work on the experimental task at 
l a.m. after having participated from 7 p.m. 
to 1 a.m. in a reaction time experiment in- 


_volving them uninterruptedly (except for 


two five-minute breaks) in an activity re- 
quiring rapid muscular reactions (flipping 
switches in concert with one fellow group 
member) to incoming visual stimuli. 


Findings 

Quantitative differences between fatigue 
and control subjects in the parameters of 
simplicity and persistence will be presented 
first. Following this, evidence concerning 
the success of each model in predicting the 


obtained results will be presented, in- 


TABLE 9 


1 
PERCENTAGE OF SuBJEcTsS Makinc W — Z Type 
CHOICES ON A SEQUENCE OF TRIALS UNDER 
FATIGUE AND NON-FATIGUE CONDITIONS 








Percentage making a W->Z type choice 


























l 
: Trial | Trial | Trial |~.- Trial | Trial 
Trial 1 2a 2b 3a Trial 4 Sa | Sb 
Non- 2 | 62 | 4 1.88 -83 | .59 | .86 
Fatigue | 
Fatigue | .59 | .87 | .33 | .78 | 1.00| .71 | .92 





dicating a shift, or absence thereof, in the 
universe which generates the probability 
value for each choice. In Table 9 are pre- 
sented the percentage of subjects who 
made a w —» z class choice (i.e., the simplest 
choice) on each of the trials which have been 
investigated earlier, except for Trial 3b 
which did not occur among the fatigue 
groups in adequate number. It might be 
expected that under fatigue conditions 
subjects will show an increased bias toward 
a w > z type choice, i.e., toward simplicity 
and/or persistence. 

Without any exception a higher per- 
centage of fatigued subjects make w —> z 
type choices. Using a sign-test and making 
use of the fact that the difference is in the 
predicted direction (i.e., using a one-tail 
test), the obtained difference is significant at 
the .025 level. The differences in Table 9 are 
generally substantial except in the case of 
Trial 1 (i.e., early in the problem-solving 
venture), Trial 2b (i.e., where the simplicity 
and persistence biases work in opposite direc- 
tions), and Trial 5b (perhaps because both 
percentages are high to begin with). The 
simplicity bias and persistence bias work in 
the same direction in most of the trials 
listed in Table 9. Thus it cannot be con- 
cluded whether one or both biases are 
higher for fatigued subjects. However, 
working out the predictive success of each 
model and computing the two biases (see 
below), it turns out that both are higher for 
fatigued subjects. 

The success of the various models in 
predicting successive choice behavior, giving 
an indication of the sampling universes 
employed as well as another check on the 
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ia alecntasoesilat ans | SSR Seeteen es atonal made 
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models, is presented in Table 10 which is_ which the models make different predic- Sd 
arranged similarly to Table 8." tions, Models 2 and 3 come closer to the at 
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1. The assumption that the subject scans obtained results than Model 1 in four out of | °Y &* 
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‘| b with respect to goal again tends to lead 


to less accurate predictions than Assump- 
tion a. The order of success in prediction 
for the three models is the same as that 
found in the first experiment. Fewer signifi- 
cant p-values are found in the fatigue experi- 
ment as a result of a smaller N. 

3. Under the assumption of a simplicity 
and persistence bias, and Assumption a with 
respect to the subject’s goal (where there is 
a choice), the chi-squares for Models 3, 2, 
and 1 are, respectively, 2.99 (p .70), 
2.99 (p = .70), and 2.81 (p = .72), or es- 
sentially identical. 

4. Predictions based purely on the notion 
of a persistence-bias are again less accurate. 

In summary, it can be stated firstly, that 
it seems possible to express the difference in 
t the thinking process between fatigued and 
normal subjects by a quantitative difference 
in the same parameters of the theoretical 
models (i.e., quantitative differences in the 
simplicity, or persistence bias, or both). 
Thus, thinking models of some generality 
seem to have been constructed. Secondly, 
the most successful predictions can be 
made when it is assumed that the subject 
scans a universe of choices with a simplicity 
bias or a combined simplicity and _per- 
sistence bias. Success in prediction is not 
obtained when the assumption of random 
scanning is made. Thirdly, the data again 
lead one to suspect that the universe within 
which the subject scans is not fully elabo- 
rated from the outset, nor is it made up of 
elementary and totally independent alterna- 
tives throughout the problem solving 
process. Rather, the universe is one in which 
once elementary and independent alterna- 
tives become joined into units and lose their 
independence when required by experience. 
Fourthly, the subject tends to start with 
simple goals, enlarging these when required 
by experience. 


DISCUSSION 
Three models concerning the nature of a 
control system within a human subject have 
been formulated and tested. The nature of 
the universe of alternative choices con- 
structed by the subject, the scanning among 
these, and the effect of experience on the 
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universe have been explored, for normal and 


THE ForMAL NATURE OF A PROBLEM-SOLVING PROCESS 


57 


fatigue conditions. In the present research 
attention was restricted to a limited se- 
quence of trials, occurring in the initial 
stages of the problem solving process (ap- 
proximately the first three to four minutes 
of a task which on the average took twenty 
minutes to solve). The models which have 
been described are rather too simple to 
predict the entire sequence of trials for a 
given problem. In reality the problem- 
solving process on the experimental task 
cannot be understood without consideration 
of, and constructing a model for, the memory 
process. The segment of the total graph 
showing the interrelations between all the 
lights which is of interest to the subject 
at a given moment, and therefore the uni- 
verse of alternative events which a subject 
considers at any given time, is a function of 
his accumulated knowledge (i.e., his ‘knowl- 
edge tree’) up to that time. Since the subject 
is not allowed to record past knowledge, it is 
a function of his memory. An example may 
help to clarify what is meant. The only 
conceivable reason why a subject would 
explore at a given trial whether 9 inhibits 2, 
(see Trial 5, Table 7) is because he knows 
(i.e., remembers) at that time that 5 is 
necessary to light 1 which in turn is neces- 
sary to light C, and that 5 also lights 2 
which inhibits C. Therefore, 2 must be 
inhibited. If it were found that 9 inhibits 
2, 9 could be activated at the same time 
that 5 is activated, the two together pro- 
ducing a 1 but not a 2. What has been said 
above concerning the past knowledge or 
memory which the subject brings to a given 
trial can be represented graphically by the 
‘knowledge tree’ in Figure 14. 

Hf it can be assumed on Trial 5 that 
Figure 14 represents the subject’s ‘knowl- 
edge tree,’ a specification of the universe 
of choices open to the subject becomes 
possible. If the ‘knowledge tree’ is not as 
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Fig. 14. A subject’s ‘knowledge tree’ at the start 
of trial 5. 
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represented in Figure 14 a different universe 
of alternative choices would have to be 
constructed. For example, suppose that in 
the case discussed above the subject did not 
remember that 2 inhibits C. In that case he 
would not be concerned on trial 5 with in- 
hibiting 2 and with the universe of possible 
choices which could lead to this goal, but 
rather he would see that 2 can be ignored 
and that there are no further facts to be 
accumulated (since 4 lights 3) and so, on 
trial 5, he might try the solution 4, 0, 5, 6 
(4 to light 3 in two steps, 5 with 3 lights 1, 
and 6 with 1 to light C) which is indeed a 
frequent member of the family of solutions 
tried. It is clear then that in addition to the 
models which outline the universe of choices 
and selection among these, there is need for 
a model of the memory process itself which 
will be helpful in predicting what the 
‘knowledge tree’ is likely to be at a given 
moment. 

A ‘knowledge tree’. existing in the sub- 
ject’s mind at any moment may be looked 
at as a set of responses made by him over 
time to a set of stimulus situations. A 
specific stimulus and a response to it are 
shown in Figure 15a and 15b respectively. 
Every time the subject makes a new re- 
sponse he also tends at the same time to 
respond again, explicitly or by implication, 
to an earlier stimulus. Thus, when the 
subject, in the example given earlier, re- 
sponds to the stimulus 9 — 2 he uses his 
knowledge of, i.e., responds again to, all the 
prior stmmuli 3,5 — 1,5 2, and 1,2,6—-C. 

At any given moment the branches of the 
‘knowledge tree,’ being past responses, may 
differ in terms of the recency and the fre- 
quency of the response. In general a ‘knowl- 
edge tree’ will not constitute an undiffer- 
entiated whole with respect to these 
dimensions. In the psychological literature 
(Overall and Brown, 1957), the frequency 
and recency of a response or set of responses 
have been linked to the probability that 
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Fic. 15. Example of a stimulus and a response 
typical of the problem solving process. 
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Fic. 16. Alternate ‘knowledge tree’ for a subjee 
at the start of trial 5. 
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the same response will be made agai 
Overall and Brown propose a model 

which response probability can be com 
puted from an initial trace magnitude f 
the response (itself a function of reward 
expectancy, e.g., probability that the re 
sponse will lead to success), and a decay 
coefficient for the trace. Such a model might\0n this 

well be applied to compute the probability|response 
that all or parts of an available ‘knowledge\However 
tree’ will form the subject’s response to the simplicit. 
situation at a given trial. For example,constant 
consider the ‘knowledge tree’ presented imjarise anc 
Figure 14. What is the probability that the|response 
subject on a given trial will respond to his} Applic 
past experience as in Figure 14 or that 
will ‘forget’ that 2 inhibits C, therefo 
ignoring the connection between 5 and 
i.e., in essence basing his actions on 
‘knowledge tree’ as in Figure 16? Ove 
and Brown’s computations of the respons¢ 
probabilities of these alternate responses té 
past experience would be as follows. The¥i 
trial under discussion is the beginning 
Trial 5. Suppose that the response t 
1,6 4 C was rewarded on Trial 1 creati 
an initial memory trace of, say, 100. Sup 









made a new initial trace value of 100 isfthe ‘PS 
established. Finally, suppose that the decay}raises t 
coefficient is 10% per trial. The memoryjcomput« 
trace value for 1,6 + C after four completedjseem to 
trials then equals 344. Now suppose thatjunder a 
the response 2 =5 C was rewarded on Trial 2, 
had an initial trace value of 100, and was not;. 
made use of either explicitly or by implica-{ 
tion since then. The memory trace value of 
2 ++ would then be 81 after four completed 
trials if the same decay is assumed. Finally, 
suppose the memory trace value for 3, 5 +1 
and 5 +» 2 equal to 100, after four completed 5 
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trials. The probability that the ‘knowledge 

iiree’ presented in Figure 14 will be the 
Jubject’s response to his experience on 
{frial 5 is now simply 


344 + 81 + 100 + 100 _ 
344 + 81 + 100 + 100 


|iie., p is the sum of the memory traces in 
ainfthe response &(mt)r, divided by all available 
island relevant memory traces Zmt). The 
bability that the subject’s response will 
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rect 


om 

fofbe as indicated in Figure 16 will be 

be 3444+ 100 _ gg 

x 344+ 100 +81 © 

cay 

ight\On this basis it is obvious that the former 


lity|response will be made rather than the latter. 
<dge\However, coupled again with a bias toward 
the simplicity which again could be entered as a 
ple, constant multiplier, the situation may well 
1 injarise and does in fact arise where the latter 
the|response is made rather than the former. 

his) Application of this model for predicting 
the likelihood that a subject will use one 
knowledge tree’ or another still hinges on 
he ability to determine how time (needed 
for the decay function) relates to, i.e., is 
termined by, the processes inside the 
control system. It would seem fruitful in 
this respect to investigate the notion that 
ime spent in the decision process, i.e., 
time spent on a given trial, is a function of 
She number of choices in the universe at 
the time of that trial, and their simplicity, 
upfboth in terms of the absolute level of 
simplicity and their similarity in this 









’ jslmally the thinking process with respect to 
) isfthe ‘PSI’ seems hopeful. This, of course, 
cayjraises the possibility of programming a 
ory}jcomputer to solve ‘PSI’ problems as humans 
‘ted;seem to do and then operate the computer 
hatjunder a variety of parametric values for the 
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not; 
ica-| 
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lly, 
11 


ted 





system until certain striking behaviors 
occur. The suggestion to write computer 
programs for human thinking processes, of 
course, is not new and has been made, for 
example, by Kochen and Galanter (1958). 
Of particular interest in respect to the 
present research would be to vary the level 
of simplicity of choices available to the 
person, and the biases toward simplicity 
and persistence and observe the effect on 
behavior, contrasting particularly behavior 
marked by the neat step-wise closing in on 
the solution without redundancy and _ be- 
havior marked by many regressions, ‘irra- 
tional’ choices, and ultimately complete 
breakdown. 
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CRITIQUE AND COMMENT 


Psychotherapy is a focal point of the on-going debate between the opera. | 
tionally-empirically minded investigator and the seeker of intuitive under. 
standing. The former often dismisses the insights of the latter as insufficiently 
validated or even as incapable of unambiguous validation. The latter, if he 
is a clinician, may fail to see how results statistically validated “at the .0§ 
level of confidence” can help him deal with unique and complex troubled 
persons, whom he is trying to help. The issues of the debate and the knotty 
dilemmas inherent in the subject-object dichotomy, as it relates to the 
psychotherapeutic situation, are discussed in this commentary. 


SOME COMMENTS ON THE FUTURE OF RESEARCH IN 


PSYCHOTHERAPY' 


by Hans H. Strupp 
University of North Carolina 


As you know, we have never prided ourselves on 
the completeness and finality of our knowledge and 
capacity. We are just as ready now as we were ear- 
lier to admit the imperfections of our understand- 
ing, to learn new things and to alter our methods in 
any way that can improve them. 

Sigmund Freud (1919) 
(1955, Volume XVII, 
p. 159) 


HERE is a growing consensus today 

which says that the future of psycho- 
therapy is that of a scientific discipline. 
In recent years this point of view has been 
advanced by numerous writers, who add 
that any other course would tend to relegate 
psychotherapy to a doctrine, a faith, or a 
gospel (Kardiner, 1958; Kubie, 1956). 
While Freud often spoke of psychoanalysis 
as a “movement” and “cause,” he never 
conceived of it as anything but a science. 
Moreover, he feared greatly that institu- 
tionalization would lead to stagnation and 


1 The writing of this paper was supported, in 
part, by Research Grant M-2171 of the National 
Institute of Mental Health, U. S. Public Health 
Service. I am deeply grateful to the National 
Institute of Mental Health for its continued and 
generous support. 
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the emergence of a cult rather than to 
scientific development. This apprehension, 


it must be conceded, has not been alto-§ 


gether groundless, but fortunately there isa 
countertrend; and it is this countertrend 
with which many of the foremost thinkers 
in the area ally themselves. I am referring 
to the increasing emphasis on controlled 
research and experimentation, that is, the 
application of the scientific method 
furthering our understanding of the psycho- 
therapeutic process. During the past fifteen 
years the quantity as well as the quality of 
research contributions has grown, and there 
is every reason to believe that the coming 
decades will see an intensification of this 
effort. Has research exerted a demonstrable 
influence on the theory and practice of 
psychotherapy? In my opinion, the influence 
has been slight, and I propose to examine, 
in this paper, some of the reasons for this’ 
seemingly pessimistic conclusion. I am 
also prompted by the belief that, somehow 
we should be able to do better. 

First it will be necessary to clarify what 
‘research contribution’ is intended to mean 
in this context. The term “research”’ is 
broad indeed and connotes very different 
things to different people. To American 
psychologists and social scientists schooled 
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in the tradition of empiricism, positivism, 
and operationism, the meaning is fairly 
clear: basically it means the formulation and 
testing of a hypothesis to aid in building a 
theory. The ground rules for this process 
are often intricate and complicated, but 
the insistence is always on empirical evidence 
for any assertion and an explicit statement 
of the means by which knowledge is derived. 
Such knowledge is public rather than pri- 
vate; it is demonstrable, reproducible, and 
communicable. These stipulations are those 
of any science, and they must be adhered 
to insofar as psychotherapy aspires to the 
status of a scientific discipline. 

To Freud and those working in the 
psychoanalytic tradition, “research” had a 
similar but not identical meaning. To be 
sure, he diligently searched for empirical 
evidence; he was concerned with making 
explicit the procedures by which knowledge 
was acquired; he recognized the need to 
replicate findings; and he strove for a 
distinction between clinical findings and 
the theoretical formulations he devised to 
explain them. Nevertheless, he was far 
less rigorous in his investigations than 
contemporary researchers, if—let it be 
noted—infinitely more productive. Cer- 
tainly, one of Freud’s greatest and prob- 
ably most lasting achievements is that of 
having devised a novel and unique method 
of investigation (the psychoanalytic situ- 
ation) and having incisively explored its 
essential ingredients. Psychoanalytic _ re- 
search was and largely continues to be done 
in the clinical setting; this setting led to the 
emergence of the cardinal principles upon 
which psychoanalysis as a_ therapeutic 
technique is built; this setting, too, by its 
very nature imposes serious restrictions on 
the rigor which is part and parcel of the 
scientific method. True, it has its built-in 
“controls”: it defines the therapeutic situ- 
ation as well as the role of the analyst 


. (within rather broad limits); it seeks to 


maximize the patient’s contribution to the 
situation while holding the analyst’s con- 
stant; it imposes relatively strict rules 
upon the role behavior of the analyst; 
but it fails to insure that the analyst’s 
observations (and the inferences he draws 
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therefrom) are reliable, that is, more than 
purely subjective experience.” 

Limiting the discussion to the American 
scene, it may be noted that knowledge 
about the psychotherapeutic process is 
enriched from two major sources: (a) 
analysts working in the tradition of Freud, 
and (b) research workers whose approach 
is more eclectic. The former group, largely 
on account of the restrictions imposed on 
psychoanalytic training, consists princi- 
pally of analysts whose background training 
has been in medicine; the second group, 
primarily of psychologists whose training 
and experience has been in clinical psy- 
chology. With the rise of clinical psychology 
as a science and profession during the last 
decade, and as a result of increased contact 
of psychologists with psychoanalytic prin- 
ciples and techniques, research workers 
bring to bear upon their investigations a 
vastly greater understanding and appreci- 
ation of the subject matter, problems, and 
concerns of psychoanalysis than was true 
before 1940. Psychoanalysts, on the other 
hand, have begun in some instances to seek 
the collaboration of psychologisis whose 
training has stressed research design and 
methodology as well as clinical experience 
in psychotherapy. In short, there seems to 
be a tendency for psychoanalysts to know 
more about research (in a rigorous sense) 
and for research workers to know more 
about the dynamics of psychotherapy as 
an interpersonal process. Consequently, 
there is an expanding meeting ground, hence 

2 Not long ago a British follower of Melanie 
Klein reported that she was ‘‘shocked’’ to learn 
from a conversation with an American analyst 
that he and most practicing analysts in this coun- 
try do very little research. As she saw it, every 
case at her institute is a ‘‘research’’ case. A similar 
comment was made to the writer by a British 
child analyst trained by Anna Freud. There are 
indications that the younger generation of Ameri- 
can analysts, perhaps as a result of more extensive 
training in the natural and social sciences, tend to 
use the term ‘‘research’’ in a stricter sense. 

3A comprehensive survey prepared in 1943 
(Sears) revealed a widespread preoccupation to 
‘‘validate’’ psychoanalytic concepts and prin- 
ciples through methods then current in academic 
psychology. Significantly, Sears dispensed with 
reviewing ‘‘A few studies. . .of the psychoanalytic 
process itself, . . .since none of these was designed 
to test any theoretical point’’ (Preface, p. x). 
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greater possibility for communication and 
collaboration. 

This statement is not intended to suggest 
that the millenium has arrived. The cleavage 
between the two kinds of research con- 
tributions—with a few notable exceptions— 
continues to be a rather sharp one. On the 
one hand, there is a plethora of papers 
which, while usually starting with clinical 
observations, pile inference upon inference 
and arrive at conclusions which typically 
are not capable of verification. On the other 
hand, there are numerous investigations 
whose attention to matters of methodology, 
sampling, quantitative assessment, and 
statistical control is reasonably adequate, 
but which fall short of illuminating the 
phenomena they purport to clarify. It is 
noteworthy that by and large the first kind 
of contribution tends to appear in ‘‘psycho- 
analytic” journals, the second kind in 
“psychological” ones. It is a hopeful sign 
that in papers of the first kind there is 
increasing emphasis on scientific rigor; with 
respect to researches of the second kind 
there is greater stress on meaningfulness 
and relevance. Very probably, the future 
will bring even greater rapprochement, and 
perhaps an eventual amalgamation of the 
two approaches. At present, however, it 
remains true that the former studies focus 
on the individual case, stressing longi- 
tudinal development, idiosyncratic richness, 
and depth; the latter place greater con- 
fidence in the cross-sectional approach, in 
which one or a few variables are system- 
atically investigated in a sample of patients, 
therapists, etc. Here the individuality of 
the single case is subordinated to considera- 
tions of experimental design and statistical 
inference. 

This problem is familiar to all who have 
witnessed the battle over psychometric vs. 
projective tests, and it seems hardly neces- 
sary to belabor the issue. Although new 
statistical techniques (which are still not 
very widely employed) have opened new 
vistas for the study of the individual case, 
the problem remains with us. Let it be 
conceded without further discussion that 
both sides have a contribution to make, and 
that a scientific discipline of psychotherapy 
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“un and does profit both from exhaustive 
studies of individual cases and from cross- 
sectional researches. The one may suggest 
hypotheses which can be more conclusively 
investigated by the other, and in general 
there is little danger that either approach 
will soon have to be abandoned for lack of 
problems. 

At the same time, it is clear that the 
development of psychotherapy tends in 
the direction of greater specificity, ex- 
plicitness, precision. This movement is 
inescapable if psychotherapy is to be 
taught, described, and explicated. It is 
becoming an axiom that concepts must be 
defined more stringently, and that the 
vagueness inherent in the subject matter 
must be diminished. The demands for 
operational definitions—or at least demon- 
sun hardly be 
sidestepped. These desiderata are expounded 
with considerable vigor at scientific meet- 
ings, but, with the exception of a small 
minority of researchers, most practicing 
clinicians and psychotherapists are none 
too mindful of these injunctions. And, in 
a sense, rightly so; they cannot suspend 
their clinical work until such time as re- 
search sharpens their tools; they must go 
ahead, meet the vast clinical demands, and 
do the best under existing conditions. 

The increasing split between the clinical 
function and the research function is un- 
doubtedly due to many complex reasons, 
of which the technical difficulty of com- 
bining scientific rigor with therapeutic 
objectives is merely one. By contrast, it is 
interesting to note Freud’s assertion that, 
in psychoanalysis, therapy and research 


always go hand in hand. Indeed, he con- 7 


sidered this one of the distinctive features 
of the method. To him, each individual 


patient was the proving ground for his: 


previous theories and the fons et origo of 
new clinical discoveries, which were then 


woven into subsequent formulations. He 


found it impossible to divorce research 
from the process of therapy, and conceived 
of himself more as a scientist than as a 
“healer.” In fact, he came to the final 
conclusion that the possibilities of psycho- 
analysis as a research tool far overshadowed 
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those of a treatment technique. To Freud, 
“research”? meant clinical research, .e., 
the painstaking study of individual pa- 
tients. However, he applied the scientific 
method and, through the study of new 
cases, tested his hypotheses in an approxi- 
mate way, without however achieving 
strict experimental control. In some in- 
stances, his observations led Freud astray, 
but it is a tribute to his genius that he 
succeeded in making valid generalizations 
on the basis of exceedingly small samples. 
At any rate, he found the roles of scientist 
and therapist quite congenial, and the 
thought of applying a therapeutic technique 
routinely was utterly alien to him. Never- 
theless, as he envisaged the future of psycho- 
analysis, he foresaw a growing group of 
analysts who were primarily practitioners 
rather than researchers and who would 
rely on others to forge and refine the tools 
needed for clinical work.‘ 
Furthermore, Freud held the view that 
research on psychoanalysis (as a therapeutic 
instrument) could only be conducted in 
the psychotherapeutic situation—at least 
he did not foresee other possibilities. Even 
today a strong belief is held in many quarters 
that. in order to do research on the psycho- 
therapeutic process, particularly long-term, 
analytically-oriented psychotherapy, it is 
mandatory to leave the therapeutic situ- 
ation undisturbed, even though various 
research techniques may be used as long as 
they do not interfere with the therapeutic 
situation proper. Another group of research- 
ers seems to feel that relevant and meaning- 
ful research can be conducted experimentally 
or quasi-experimentally. The first group, 
harking back to Freud, asserts that the 
analytic situation represents a specific 
method of investigation, and that psycho- 
analytic research cannot be performed 
without this method; the latter group, with- 
out questioning the value of the method for 
therapeutic and other purposes, believes that 


‘Rogers (1955), on the other hand, feels that 
he cannot simultaneously function in both roles: 
if, in the clinical situation he attempts to be a 
scientifie observer, he feels his empathic ability 
suffers. He considers the two roles diametrically 
opposed and essentially irreconcilable. 


other approaches, too, may yield fruitful 
and provocative data, which eventually, 
may find their way back into the treatment 
situation. 

So far, I have tried to indicate that es- 
sentially there are two kinds of research 
approaches to the psychotherapeutic proc- 
ess: the clinical, used preponderanfly by 
practicing analysts and therapists; and the 
experimental, exemplified chiefly by clinical 
research psychologists. While changes are 
gradually taking place, it appears that 
clinical penetration and _ scientific rigor 
have varied inversely. Furthermore, the 
two approaches undoubtedly reflect the 
temperaments of the proponents. If the 
advances of psychoanalysis as a therapeutic 
technique are compared with the experi- 
mental research contributions, there can be 
little argument as to which has more pro- 
foundly enriched theory and practice of 
psychotherapy. To make the point more 
boldly, I believe that, up to the present, 
research contributions have had exceedingly 
little influence on the practical procedures of 
psychotherapy. This, in view of the ad- 
vocacy of more and more research, the 
expansion of facilities and the greater 
availability of federal and private financial 
support, is\a deeply disquieting state of 
affairs requiring closer scrutiny. Why is this 
so? Why have research contributions had 
so little impact? Is it that they have nothing 
to teach the practicing therapist? Are 
therapists so impervious to scientific find- 
ings that they are unable to profit from 
them? Is our knowledge of the subject 
matter so rudimentary that at this stage 
resenrch cannot possibly be expected to 
have ieft its mark on clinical practices? I 
raise these questions, not as a therapeutic 
nihilist but as a researcher who feels that 
important answers should come from re- 
search. But, I must confess that I am not 
fully convinced that they will. A closer look 
at the contemporary scene may not enable 
one to discern trends to forecast the future, 
but it may help to clarify the schism that 
divides practicing therapists and investi- 
gators doing research on the therapeutic 
process. 

The therapist-clinician might speak as 


' 





64 


follows: Psychotherapy, first and foremost, 
is a clinical art, not a science. My task is 
to aid and promote personality growth, or, 
more accurately, to help a troubled human 
being in his struggle with his emotional 
difficulties. I assume that the patient is 
fully capable of steering his own life course 
once the obstacles which stand in his way 
are removed. My task is to aid him in this 
process. I don’t “‘handle” a case, I don’t 
“manipulate” a person, I don’t apply a 
“technique.””, My whole effort is concen- 
trated upon understanding this person and 
his difficulties in living. If I am a psycho- 
analyst or an analytically-oriented therapist, 
I follow certain technical rules (based on 
such concepts as transference, resistance, 
defense, etc.) which usually accelerate the 
therapeutic process. From this vantage 
point, I don’t see how it would help me to 
know that persons having certain psycho- 
logical characteristics are better candidates 
for intensive psychotherapy than persons 
having some other characteristics; that 
interpretations of a certain kind tend to 
produce resistance in certain kinds of pa- 
tients at a certain stage in therapy; that 
under certain conditions the therapist’s 
personal problems tend to interfere with 
the therapeutic process; that certain pat- 
terns of personality characteristics in. a 
therapist are more conducive to progress in 
therapy than certain others; that interpre- 
tive techniques are more effective in the 
hands of certain therapists with certain 
kinds of patients under certain circum- 
stances, etc. How do such findings help me 
to understand my patient, Joe Smith, whom 
I am seeing three times a week, who relates 
to me, a particular therapist, in a particular 
ray, who tells me about his anxieties in 
highly specific situations and whose style 
of life, defensive patterns, life goals, fan- 
tasies, wishes are a unique constellation? 
True, there are important clinical papers 
which have influenced me deeply: they are 
the papers of a host. of sensitive therapists— 
not the kinds of investigations which are 
based on a sample of patients often treated 
by student therapists, which report results 
at the .05 or .01 level of statistical confi- 
dence. I am in sympathy with the point of 
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view which says that we must achieve greater 
clarity about our concepts and our opera- 
tions, but I doubt whether an experimenter 
standing outside the therapeutic situation 
can deepen my understanding of patients 
qua living human beings. 

The researcher-scientist might speak 
thus: I fully recognize that the major 
sontributions to the theory and practice 
of psychotherapy are based on careful ob- 
servations of perceptive clinicians. Freud 
and those who followed in his footsteps 
have revolutionized our thinking about 
psychic conflicts and developed a unique 
method for effecting fundamental and 
lasting personality change. Certainly, clini- 
val observation and painstaking efforts by 
individual therapists have taught us most 
of what we know about the principles of 
psychotherapy and psychotherapeutic tech- 
nique. It is possible that these insights 
will not be equaled or even approached in 
another century. However, we must not 
lose sight of the fact that Freud considered 
psychoanalysis a science, and he strove until 
his dying day to preserve the scientific 
attitude which formed the basis of his most 
notable discoveries. Unlike some of_ his 
followers, he did not consider his formula- 
tions as final pronouncements or immutable 
truths. To be sure, his methods were rela- 
tively uncontrolled, nor was he able to 
marshal the scientific rigor that is demanded 
of investigations today; but he applied 
the scientific method as clearly and un- 
mistakably as an experimental psychologist 
who runs rats through a maze or a physi- 
ologist who measures the contractions of a 
muscle. The differences are quantitative 
rather than qualitative. 

Furthermore, it must be recognized that 
our knowledge of psychotherapy is at a 
very rudimentary stage. As Kubie (1956, 
p. 102) points out, we stand at the threshold 
of a new era; discoverers like Freud have 


pointed the way, but it remains for others ‘ 


to systematize his insights, to document. the 
wealth of his observations, to sift, discard, 
build, and revamp. Reluctant as the cli- 
nician may be to bring the searchlight of 
dispassionate and objective research — to 
bear upon his clinical operations, no other 
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course is open. It may be a long time before 
our knowledge is reorganized in revolution- 
ary ways, and, compared to the sweeping 
discoveries of Freud, the patient and 
laborious investigations of the researcher 
may appear pedestrian, obsessive, and even 
picayune. Nevertheless, they are needed 
and may surely be counted upon to advance 
the frontiers of knowledge. Possibly none 
or very few of the current research investi- 
gations provide principles which radically 
change therapeutic technique or even have a 
marked influence on clinical practice. But 
neither have clinical insights during the 
last decades led to momentous changes in 
therapeutic technique. Progress in this 
area has been slow, but by no means neg- 
ligible. Besides, the clinician’s attitude of 
respect, empathy, and understanding has 
nothing to do with what research has to 
contribute; on the contrary, greater specific- 
ity which will come from research will 
strengthen and illuminate the clinical frame- 
work of his practical operations and grad- 
ually enable him to be of better help to his 
patients. 

These arguments, based as they often 
are on emotional commitments, have a 
familiar ring. They underlie the nomothetic- 
ideographic controversy; they are mirrored 
in the fundamental differences between the 
geisteswissenschaftliche approach of German 
psychology and the naturalistic-positivistic 
approach of American psychology; they 
have recently been revived in existentialist 
thinking and Daseinsanalyse (May, Angel, 
& Ellenberger, 1958); and they are rooted 
in the subject-object schism of Western 
philosophy. These basic philosophic con- 
victions determine one’s view of psychology 
as a science, the methods by which knowl- 
edge is acquired about psychological proc- 
esses, us well as one’s conception of psycho- 
therapy and of the role and function of the 
psychotherapist. 

It is instructive to note that after having 


~ lived with Freud’s discoveries for half a 


century, and viewed the individual patient 
as the battleground of impersonal forces 
shaping his destiny, we are still largely 
ignorant of the nature of the therapeutic 
action, and renewed attention is being 
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focused on the psychotherapist as a person, 
who—some suspect—plays a larger part 
in the therapeutic endeavor than has 
hitherto been acknowledged or made ex- 
plicit.6 Working with widely different 
methods of investigation, theoretical orienta- 
tions, and therapeutic objectives, numerous 
investigators appear to converge on this 
point. Alexander, after a lifetime of ex- 
perience in psychoanalysis, refers to “the 
most opaque area of psychoanalysis, the 
question of the therapist’s influence on 
the treatment process by the virtue of 
being what he is: an individual personality, 
distinct from ‘all other therapists.” (1958, 
p. 311). Frank, speaking as a researcher 
concerned with experimental controls, sees 
as a chief problem “to distinguish the effects 


5 In one of his last papers Freud makes this 
highly significant point: ‘‘Amongst the factors 
which influence the prospects of an analysis and 
add to its difficulties in the same manner as the 
resistances, we must reckon not only the structure 
of the patient’s ego but the personal characteristics 
of the analyst.... The analyst..., because of 
the peculiar conditions of his work, is really im- 
peded by his own defects in his task of discerning 
it in a manner conducive to cure. So there is some 
reason in the demand for a comparatively high 
degree of psychical normality and correct adjust- 
ment in the analyst as one of his qualifications for 
his work. And there is another point: he must be 
in a superior position in some sense if he is to 
serve as a model for his patient in certain analytic 
situations and, in others, to act as his teacher. 
Finally, we must not forget that the relationship 
between analyst and patient is based on a love of 
truth, that is, on the acknowledgment of reality, 
and that it precludes any kind of sham or decep- 
tion.’’ (Freud, 1952, pp. 351-352). As in earlier 
papers, the emphasis rests on those aspects of the 
therapist’s personality which might create an 
impediment to therapy; however, Freud also 
recognizes that the therapist must be ‘‘in a su- 
perior position in some sense if he is to serve as 
model for his patient... .’’ Unfortunately, one 
is left to guess what is meant by ‘‘superior posi- 
tion,’’ but I wonder whether Freud meant that 
the therapist had to be somewhat of a Persénlich- 
keit. If in the passage immediately following he 
expressed doubts that the candidate would acquire 
the ‘‘ideal qualifications’ for his work solely in 
his personal analysis, he clearly had the removal 
of “blind spots’’ in mind; but perhaps he also 
questioned whether the candidate could ever be- 
come a Persénlichkeit solely through his personal 
analysis unless his analyst in turn embodied the 
‘‘model qualities’? which Freud alluded to. 
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of the therapist’s personality or attitude, 
from the effects of his technique.” (1959). 
And further: ‘“‘The most important, and 
unfortunately the least understood, situ- 
ational variable in psychotherapy is the 
therapist himself. His personality pervades 
any technique he may use, and because of 
the patient’s dependence on him for help, 
he may influence the patient through subtle 
cues of which he may not be aware.” 
(Frank, 1959). Elsewhere Frank considers 
the possibility that the patient’s faith and 
trust in the therapist may be the single most 
important variable in therapeutic change 
(1958). Rogers speaks of the therapist’s 
“genuineness in the relationship,” his 
“unconditional positive regard,” and ‘‘em- 
pathy.’”’ He views the therapeutic relation- 
ship ‘as a heightening of the constructive 
qualities which often exist in part in other 
relationships, and an extension through 
time of qualities. which in other relation- 
ships tend at best to be momentary” (1957, 
p. 101). In the same paper, Rogers comes to 
the conclusion that “the techniques of 
the various therapies are relatively unim- 
portant” (1957, p. 102) and, stressing the 
overriding importance of the therapist’s 
attitudes: 
“Any of the techniques may communicate 
the fact that the therapist is expressing 
one attitude at a surface level, and an- 
other contradictory attitude which is 
denied to his own awareness. Thus one 
value of such a theoretical formulation 
as we have offered is that it may assist 
therapists to think more critically about 
those elements of their experience, at- 
titudes, and behaviors which are essential 
to psychotherapy, and those which are 
nonessential or even deleterious to psycho- 
therapy” (1957, p. 103). 
The present writer, basing his conclusion on 
a study of psychotherapists in an experi- 
mental situation, regards the therapist’s 
contribution to the’ treatment process as 
both personal and technical: 
“His personal attributes (maturity, 
warmth, acceptance, etc.) enable him to 
create the kind of interpersonal relation- 
ship in which constructive personality 
change can take place; his knowledge of 


psychodynamic principles permits him, 
in and through this relationship, to 
initiate the kinds of emotional unlearning 
and learning experiences that are con- 
sidered necessary to the alleviation or 
resolution of neurotic conflicts. The latter 
would be impossible without the former; 
the former, by itself, would never be 

sufficient.” (Strupp, 1958, p. 66). 

There appears to be, then, a growing 
disenchantment with psychotherapy as a 
“technique,”’ American preoccupations with 
technology notwithstanding. The keynote 
of this development was perhaps sounded 
by Freud himself. His attention to the 
technical aspects of psychoanalytic therapy 
declined toward the middle and end of his 
vareer, and contrary to his theoretical re- 
visions in other areas he had _ relatively 
little to add to his earlier papers on tech- 
nique. While he considered the therapist’s 
personal attributes important, he stressed 
their potentially noxious influences, leaving 
the positive aspects largely unformulated 
(Freud, 1952). True, at one time he con- 
ceived of psychoanalysis as a kind of “‘after- 
education” but later on expressed a distaste 
for the conception of the therapist as an 
“educator” or ‘mentor.’ (See, in this con- 
nection, Burchard, 1958.) He feared that 
the therapist might make similar mistakes 
as the patient’s parents in ‘indoctrinating” 
him with a set of values and rules which 
would impede his free development and 
self-direction. In the 1920s and ’30s much 
emphasis was given to interpretations, 
their timing, correctness, and adequacy. 
Concomitantly, the person making the 
interpretations tended to be lost sight of, 
and under Freud’s impetus the essence of 
psychoanalytic therapy was seen as_ the 
resolution of the transference neurosis 
through appropriate interpretations—a proc- 
ess, one surmised, which would reel off, 
regularly, automatically, and inexorably, 
if but the “correct” technical procedures 
were followed. This is not the place to trace 
subsequent developments except to draw 
attention to a trend culminating in the 
“rediscovery” of the therapist as a person, 
whose attitudes, personality, and values 
presumably play an exceedingly important, 
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if not crucial, part in the therapeutic process. 
Concomitantly, it is being realized that 
increasing effort must be expended to eluci- 
date his personal influence, which may far 
transcend his technical contribution.® 

ould it be that we have come full circle? 
Starting from the age-old view of the po- 
tentially beneficial effects of love, friendship, 
and acceptance of one’s emotional well- 
being, we seem to have traversed an era in 
which a highly technical procedure (psycho- 
analysis) came to the ascendency. Here the 
therapeutic task was conceived as an effort 
to bring about a reconciliation of impersonal 
forces—to help the ego come to terms 
with an irrational id and an unreasonable, 
overly severe superego. Moving along a 
spiral, the developments of ego psychology 
have stressed a conception in which the 
ego’s autonomy and integrative functions 
again came to the fore. Contemporaneously, 
the psychotherapeutic situation is again 
seen as an encounter between two persons. 
The patient is regarded as an individual 
with problems in living, but also as a human 
being striving to realize his potentialities. 
The therapist is viewed, not as an analytic 
manipulator or technician, but as a human 
being who, aided by technical training and 
experience in living, attempts to under- 
stand the patient as a person. This under- 
standing is to be accomplished through 
emotional participation in living with the 
other person over an extended period of 
time, to the end that the therapist’s in- 
fluence conduces to constructive personality 
growth. The focus is upon the experiential 
components of the situation, to which every- 
thing else becomes subordinate, including 
the technical operations by which the ex- 
perience is facilitated. Consequently, the 
operations of psychotherapy are not simply 
to be explained by rules which tell the novice 
when to interpret and what; rather they 
presuppose a deep understanding of the 
principles governing the whole gamut of 
human collaboration. Aware of this com- 
plexity, though speaking in a different 
context, Freud said: 

“Anyone who hopes to learn the noble 


® For a more extended discussion of this point, 


see Strupp, in press. 
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game of chess from books will soon dis- 
cover that only the openings and end- 
games admit of an exhaustive systematic 
presentation and that the infinite variety 
of moves which develop after the opening 
defy any such description. This gap in 
instruction can only be filled by a diligent 
study of games fought out by masters.” 

(1955, Vol. XII, p. 123). 

This analogy illustrates a point, but like 
all analogies it has its limitations. It asserts 
that (a) there are rules governing the conduct 
of psychotherapy; (b) these rules are explicit: 
and communicable, hence teachable; (c) 
there is an over-all strategy in psycho- 
therapy as there is in chess, i.e., there is a 
specific objective; (d) while knowledge of 
the basic rules is a prerequisite, it does 
not, in and of itself, enable one to play 
the game with any degree of skill; in other 
words, the general rules must be applied in 
highly specific and concrete situations, and 
once a measure of skill is acquired, the 
basic rules seem to recede to the background, 
so that the player is largely unaware that 
he is employing them; (e) one learns the 
skill by watching and studying closely the 
operations of experts; in doing so, one 
learns to avoid pitfalls and refines his tech- 
nique which ultimately becomes interwoven 
with one’s personality. One of the important 
shortcomings of this analogy is that the 
rules of psychotherapy are established 
empirically, not, as in chess, a priori. Fur- 
thermore, they are modifiable in the light of 
empirical findings, that is, their validity is 
to be established by reference to an external 
criterion. As the analogy suggests, the 
expert is more “successful” in playing the 
game than a novice, as evidenced by the 
fact that he wins more games. Is the expert 
psychotherapist more “successful” than the 
novice? This is a purely empirical question, 
which so far as I know has not been 
answered to anyone’s satisfaction. One of 
the important reasons that it has not been 
done is the difficulty of comparing the 
performance of an expert with that of a 
novice, under rigidly specified conditions, 
and to note differences in outcome. Such a 
comparison presupposes the definition and 
measurement of dimensions which are 
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hypothesized to make a difference (maturity, 
technical skill, for example). In all prob- 
ability, the expert does differ in his thera- 
peutic performance from the novice, but this 
must be demonstrated unequivocally, be- 
yond a reasonable doubt. One approach 
might be to study the therapeutic behavior 
of a group of experts to see what they have 
in common. One might then search for the 
same common characteristics (therapeutic 
ingredients) in a group of beginners and 
determine whether differences exist. If so, 
they should lead to predictably different 
outcomes. If not, the results may be due to 
other factors yet to be defined. Freud 
attributes the results of psychoanalysis 
primarily to certain technical operations 
on the therapist’s part; Rogers is inclined to 
search for them in the area of the therapist’s 
“unconditional regard”; Frank hypothesizes 
a series of nonspecific factors, such 
as faith and trust. I suspect that tech- 
nical skill and salient characteristics of 
the therapist’s personality interact to make 
possible a new emotional experience, cog- 
nitive learning, and the gradual acquisition 
of new attitude patterns. 

Preoccupations with psychotherapeutic 
technique have increasingly come under 
criticism in recent years. In this country, 
Rogers has been an eloquent spokesman 
for the view that understanding the patient 
is the therapist’s first and foremost task. 
In Europe, the rise of existential psycho- 
therapy has brought with it a further de- 
emphasis of technique. In explicating this 
point of view to American readers, May 
states: “Existential analysis is a way of 
understanding human existence, and_ its 
representatives believe that one of the chief 
(if not the chief) blocks to the understanding 
of human beings in Western culture is 
precisely the overemphasis on technique, 
an overemphasis which goes along with the 
tendency to see the human being as an 
object to be calculated, managed, ‘ana- 
lyzed’”’ (May et al., 1958, p. 76). The 
central issue is ‘‘whether the human being 
is an object to be analyzed or a being to be 
understood.” (May et al., 1958, p. 81). 
However, the emphasis on the here-and-now 
relationship neither obviates technical train- 


ing nor should it discourage research on 
problems of technique. In May’s words, 
this relationship 

“...18 in no way an over-simplification 

or short cut; it is not a substitute for 

discipline or thoroughness of training. 

It rather puts these things in their con- 

text—namely, discipline and thoroughness 

of training directed to understanding 
human beings as human. The therapist 
is assumedly an expert; but, if he is not 
first of all a human being, his expertness 
will be irrelevant and quite possibly 
harmful. The distinctive character of the 
existential approach is that understand- 
ing being human is no longer just a ‘gift,’ 
an intuition, or something left to chance; 
it is the ‘proper study of man,’ in Alex- 
ander Pope’s phrase, and becomes the 
center of a thorough and scientific concern 
in the broad sense. The existential analysts 
do the same thing with the structure of 
human existence that Freud did with the 
structure of the unconscious—namely, 
take it out of the realm of the hit-and- 
miss gift of special intuitive individuals, 
accept it as the area of exploration and 
understanding, and make it some extent 

teachable.”’ (1958, pp. 82-83). 

Thus, it is of little avail to investigate 
whether psychotherapy ‘works,’ or even 
whether one technique is more “effective” 
than another. Rather one must ask: Is this 
particular therapist, by virtue of being a 
particular person, capable of creating the 
kinds of conditions in which a given tech- 
nique or techniques can attain their maxi- 
mum usefulness? The question of the rela- 
tive effectiveness of techniques still has to be 
answered, but the primary focus is on the 
person of the therapist by whom a par- 
ticular technique is used. Can he understand 
the patient as a human being struggling 
with life’s problems? Can he communicate 
this understanding, to the end that the 
patient feels deeply understood? For meth- 
odological reasons, research may emphasize 
one aspect or the other, but the totality 
of therapist and technique in interaction 
with a particular patient cannot be ignored. 

There appears to be a serious danger in 
overemphasizing either relationship or tech- 
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nique at the expense of the other. To avoid 
these pitfalls it would appear that ways and 
means must be found to conduct investiga- 
tions which do justice both to the demands 
of scientific rigor and the depth and breadth 
of the therapeutic undertaking. To this 
end, researchers must become better and 
more insightful clinicians, and clinicians 
must develop a greater awareness of the 
ideals which the scientist espouses. Among 
other things, such a rapprochement may 
result in a larger number of research con- 
tributions which are meaningful and relevant 
to the therapist. Similarly, it may inspire 


that tentativeness, caution, and respect for . 


error in human observation which is still 
seen lacking in many clinicians. 

The subject-object split which still per- 
vades the science of psychology seems a 
particularly grave obstacle to the inter- 
penetration of clinical practice and research 
in psychotherapy. Russell (1948), quoted by 
Szasz (1957), has eloquently dealt with this 
issue and defined psychology as a science 
dealing with essentially private experience. 
Among psychologists, Allport (1955) has 
taken issue with the prevailing behaviorist 
tendency to regard the human person as 
“empty.” In the area of psychotherapy, the 
investigations of Rogers and his students 
are perhaps the best illustration that fruitful 
research on the process of psychotherapy 
can be done, while retaining something of 


~ the uniqueness of the persons participating 


in the process (Rogers & Dymond, 1954). 
These are but beginnings, but they seem 
important beginnings in studying objec- 
tively the subjective experiences of patient 
and therapist in interaction. 

Erwin Straus’s dictum that ‘‘Whatever is 
related to my particular existence lessens 
and obscures knowledge”? (May et al., 1958, 
p. 145) seems to strike at the core of an 
important dilemma in research on psycho- 
therapy. In order to expand scientific knowl- 


. edge of the therapeutic process, it is neces- 


sary to objectify essentially subjective 
experiences, but as one succeeds in doing so, 
one runs the danger of sacrificing the es- 
sence of what one is studying. Therefore, 
the obverse of the quotation likewise appears 
to be true: Knowledge lessens and obscures 


whatever is related to my particular exist- 
ence. This, of course, is precisely what 
science attempts to do in all areas of investi- 
gation. Is psychotherapy an exception? 
If so, it can hardly become a science. If 
not, the search for invariance amidst change 
must go forward; common elements must 
be abstracted; and the unique aspects of 
the therapeutic encounter may have to go 
by the board. In one sense, I seem to have 
suggested that the future may bring the 
development of techniques for simultaneously 
achieving both objectives. This is a hope 
which may never materialize. We may find 
that we can’t have our cake and eat it. 
In that event, the therapist and the re- 
searcher in psychotherapy may move 
further apart, unless the clinician abandons 
his commitments, which seems to be as 
doubtful as that the researcher will forsake 
the ideals of science. 

Among other things, it will be fruitful to 
learn how a particular patient is perceived, 
experienced, and reacted to by a particular 
therapist and vice versa. But if “objective” 
knowledge in psychotherapy is possible we 
must also learn more about what patient 
and therapist are “really” like, as seen by 
external observers. There is reason to suspect 
that preconceptions on the therapist’s part 
(e.g., notions about the treatabitity or 
nontreatability of certain “conditions’’) 
may blind him to the patient’s potentialities 
and assets (Strupp, 1958). Of course, the 
therapist should develop maximal self- 
awareness of all factors which might ad- 
versely affect his therapeutic attitudes. 
But, important as the study of subjective 
elements and biasing factors may be, it 
must not overshadow the thorough scrutiny 
of interpersonal processes (e.g., transference 
manifestations) qua objective facts which, 
as every analyst knows, usually emerge in 
the treatment process irrespective of the 
therapist’s unique personality characteristics 
even though they may be colored by the 
latter. And—to continue on this side of the 
fence—it seems that the latter-day emphasis 
on “encounter,” “here-and-now experience,” 
“understanding,” etc. does scant justice to 
the painstaking and prolonged process of 
“working through’—a highly technical 
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operation—which is considered an integral 
part of all fundamental personality change 
achieved through intensive psychotherapy. 
Difficult as controlled research on _ these 
problems will be, I am sure the limits have 
not been tested. However, I am not fully 
convinced that it will be possible to reconcile 
successfully scientific rigor with the rich- 
ness and subtle complexity of interpersonal 
dynamics. 


CONCLUSION 


The questions raised at the beginning 
of this paper still loom large. It is dis- 
quieting to contemplate the large dis- 
crepancy between clinical and philosophical 
insights on the one hand, and _ research 
accomplishments, on the other. As research- 
ers we seem to lack methods for making 
greater inroads on the phenomena with 
which psychotherapy deals—the broad 
spectrum of human experience. For in- 
stance: How do we assess and measure such 
qualities in the therapist as: respect for the 
patient’s struggle toward self-realization and 
self-direction; capacity for empathy; 
warmth; acceptance of the human-ness of 
another person; depth of one’s Weltan- 
schauung and life experience; emotional 
maturity; ability to serve as a model of 
reality; and so forth’—all of which un- 
doubtedly play an important role in deter- 
mining the extent to which the therapist 
can participate in and collaborate with the 
patient’s striving for realizing his human 
potentialities? By contrast, the quantitative 
and comparative analyses of technique, 
formidable as they are, appear like child’s 
play. 

The fact that techniques for measuring 
significant personality attributes are in 
their infancy does not mean that they are 
doomed to remain there. The fact that so 
far the contributions from researchers to 
psychotherapeutic theory and practice have 
been relatively slight need not remain an 
immutable truth and omen for the future. 
The task poses a challenge to our imagina- 


7 We need to specify those qualities of character 
which give the therapist stature as a mature per- 
sonality and model of reality. Compare reference 
footnote 5 for a statement of Freud’s position. 


tion as researchers. We must show greater 
penetration in forging our research tools and 
refuse to purchase precision in measurement, 
at the expense of shallowness of concepts, 
If we agree to the proposition that psycho. 
therapy’s future is that of a scientifig 
discipline, we have no choice but to under. 
take the laborious and painful drudgery of 
checking the empirical value of brilliant 
clinical insights glimpsed by intrepid pio- 
neers and to sharpen our research instru- 
ments that they may become adequate to 
deal with the phenomena in our domain, 
It is just barely possible that a few crumbs 
of insight left over by the giants may be the 
reward of the patient researcher, not to 
mention the gratification of demolishing 
along the way some hypotheses which con- 


° . q 
temporaneously enjoy the status of a creed. 
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These sensations are projected by the mind so as to clothe 
appropriate bodies in external nature. Thus the bodies are per- 
ceived as with qualities which in reality do not belong to them, 
qualities which in fact are purely the offspring of the mind. Thus 
nature gets credit which should in truth be reserved for ourselves: - 
the rose for its scent; the nightingale for his song; and the sun for 
its radiance. The poets are entirely mistaken. They should address 
their lyrics to themselves, and should turn them into odes of self- 
congratulation on the excellency of the human mind. Nature is a 
dull affair, soundless, scentless, colourless; merely the hurrying of 
material, endlessly, meaninglessly. 
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When one says “John is a more rational person than Henry,” many descrip 
meanings of the word “rational” can be distinguished. Some of these mea. }' pehavi 
ings are related to affairs of everyday life, some to affairs of scientific the. 
orizing, and it is the scientific rationalities that writers on social organizg. “he ra 
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tion and decision making commonly refer to as features of “rationg| 1. C 
choice.” It is here suggested that other meanings of rationality should be) monpl: 
taken into account and treated as data in empirical research. | ence fc 
on 
THE RATIONAL PROPERTIES OF SCIENTIFIC AND COMMON. oo. 
SENSE ACTIVITIES* | — 
_ bility, 
ing m 
by Harold Garfinkel _ person 
University of California, Los Angeles equiva 
ation ¢ 
INTRODUCTION logical, prejudiced, delusional, mythical, | of a ty 
HE program of his discipline requires magical, ritual, and similar features of | ration: 
that the sociologist scientifically describe everyday conduct, thinking and beliefs. | ness ol 
a world that includes as problematical phe- But because sociologists find with such the fr 
nomena not only the other person’s actions, overwhelming frequency that effective, per- ; with \ 
but the other person’s knowledge of the sistent, and stable actions and social strue- the b 
world. As a result, the sociologist cannot tures occur despite obvious discrepancies | persor 
avoid some working decision with respect between the lay person’s and the ideal ’ anoth 
to the various phenomena intended by the scientist’s knowledge and procedures, they 2+ 1 
term “rationality.” have found that the rational properties perso! 
Commonly, sociological researchers decide which their definitions discriminated are “good 
on a definition of rationality by selecting empirically uninteresting. They have pre-and a 
one or more features from among the proper- ferred instead to study the features and meast 
ties of scientific activity as it is ideally conditions of non-rationality in human , sense 
described and understood.’ The definition conduct. The result is that in most of the { pay a 
is then used methodologically to aid the available theories of social action and social of fit 
researcher in deciding the realistic, patho- structure rational actions are assigned | literal 
residual status. = 
*The work upon which this paper is based With the hope of correcting a trend, it is | 9ccur 
io initiated while the author wass memberofthe tho purpose of this paper to remedy this | journ 
rganizational Behavior Project, Princeton Uni- ; : ‘ . . 
versity, and was completed under a Senior Re- Tesidual status by re-introducing as a prob- . some’ 
search Fellowship, SF-81, from the Public Health lem for empirical inquiry (a) the various  Tatior 
Service. The author is indebted to the Interdis- rational properties of conduct, as well as ~ when 
mag ange es — ‘rte ahi sarong (b) the conditions of a social system under does: 
under project AF 49(638)-33 of the Behavioral Which various rational behaviors occur. what 
Sciences Division, Air Force Office of Scientific as his 
Research, ARDC, and the Society for the In- RATIONAL BEHAVIORS 3. 
vestigation of Human Ecology for the opportunity “Rationality” has been used to designate ‘ some 
to complete this draft. . : e so revie 
‘Del debaltion that enjoys cursent favor ia ™*2Y different ways of behav ior. A list oe, * id 
known as the rule of empirically adequate means. Such behaviors can be made without treating Y!€ 
A person’s actions are conceived by the researcher any one as definitive of the term “ra- Some 
as steps in accomplishing tasks whose possible and tionality.” Alfred Schutz’ classical paper — 0 tt 
HA a NT is empirically decidable. the problem of rationality (1943) inven- | off it 
mpirical adequacy is then defined in terms of the se a ? it is 
rules of scientific procedure and the properties of tories these meanings and is our point of a. 
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72 


departure. 





| RATIONAL PROPERTIES OF SCIENTIFIC AND COMMON SENSE ACTIVITIES 73 


| 
| When the various meanings of the term 
_| which Schutz inventoried are phrased as 
Nany descriptions of conduct, the following list of 
am. behaviors results. In the remainder of the 
the: | paper, these behaviors will be referred to as 
niza: “the rationalities.” 
ional| 1. Categorizing and comparing. It is com- 
d be monplace for a person to search his experi- 
ence for a situation with which to compare 
the one he addresses. Sometimes rationality 
refers to the fact that he searches the two 
situations with regard to their compara- 
_ bility, and sometimes to his concern for mak- 
| ing matters comparable. To say that a 
_ person addresses the tasks of comparison is 
equivalent to saying that he treats a situ- 
ation or a person or a problem as an instance 
ical, | of a type. Thereby the notion of a “degree of 
. of | rationality” is encountered. The extensive- 
's. | ness of a person’s concern with classification, 
such the frequency of this activity, the success 
per- ; With which he engages in it are frequently 
rue- the behaviors meant by saying that one 
cies | person’s activities are more rational than 
Jea] » another’s. 
hey 2. Tolerable error. It is possible for a 
ties person to “require” varying degrees of 
are “goodness of fit’? between an observation 
pre. and a theory in terms of which he names, 
and measures, describes, or otherwise intends the 
nan sense of his observation as a datum. He may 
the { pay a little or a lot of attention to the degree 
cial of fit. On one occasion he will allow a 
ned | literary allusion to describe what has oc- 
| curred. On another occasion and for the same 
t ig . occurrences he may search the mathematical 
this | journals for a model to order them. It is 
ob- . Sometimes said, then, that one person is 
ous rational while another is not or is less so, 
as ° when that person pays closer attention than 
der does his neighbor to the degree of fit between 
what he has observed and what he intends 
as his finding. 

3. Search for “‘means.” Rationality is 
ate | Sometimes used to mean that a person 
of , Teviews rules of procedure which in the past 
ing Yielded the practical effects now desired. 
ra- Sometimes it is the fact that a person seeks 
per to transfer rules of practice which had a pay- 
on- | Off in situations of like character; sometimes 
of |. it is the frequency of this effort; at other 

times the rational character of his actions 


’ 





refers to the person’s ability or inclination to 
employ in a present situation techniques that 
worked in other situations. 

4. Analysis of alternatives and conse- 
quences. Frequently the term rationality is 
used to call attention to the fact that a 
person, in assessing a situation, anticipates the 
alterations which his actions will produce. 
Not only the fact that he “rehearses in 
imagination” the various courses of action 
which will have occurred; but the care, 
attention, time, and elaborateness of analysis 
paid to alternative courses of action are fre- 
quent references. With respect to the ac- 
tivity of “rehearsing in imagination” the 
competing lines of actions-that-will-have- 
been-completed, the clarity, extent of detail, 
the number of alternatives, the vividness and 
the amount of information which fills out 
each of the schemata of competing lines of 
action are often the intended features in 
calling a person’s actions “‘rational.” 

5. Strategy. Prior to the actual occasion of 
choice a person may assign to a set of alterna- 
tive courses of action the conditions under 
which any one of them is to be followed. Von 
Neumann and Morgenstern (1947) have 
called the set of such decisions a player’s 
strategy. The set of such decisions can be 
called the strategy character of the actor’s 
anticipations. A person whose anticipations 
are handled with the belief that his circum- 
stances tomorrow will be like those he has 
known in the past is sometimes said to be 
acting with less rationality than the one who 
addresses alternatively possible future states 
of his present situation by the use of a 
manual of ‘‘what-to-do-in-case-of’s.”’ 

6. Concern for timing. When we say that 
a person intends through his behaviors to 
realize a future state of affairs, we frequently 
mean that the person entertains an expecta- 
tion of the scheduling of events. The concern 
for timing involves the extent to which he 
takes a position with regard to the possible 
ways in which events can occur temporally. 
A definite and restricted frame of scheduled 
possibilities is compared with a “lesser 
rationality” that consists of the person 
orienting the future fall of events under the 
aspect of “anything can happen.” 

7. Predictability. Highly specific expecta- 
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tions of time scheduling can be accompanied 
by a concern with the predictable character- 
istics of a situation. A person may seek pre- 
liminary information about the situation in 
order to establish some empirical constants, 
or he may attempt to make the situation 
predictable by examining the logical proper- 
ties of the constructs he uses in “defining” 
it or by reviewing the rules that govern the 
use of his constructs. Accordingly, making 
the situation predictable means taking what- 
ever measures are possible to reduce ‘‘sur- 
prise.”’ Both the desire for “surprise in small 
amounts” and the use of whatever measures 
yield it are frequently the behaviors in- 
tended by the term rationality. 

8. Rules of procedure. Sometimes ration- 
ality refers to rules of procedure and infer- 
ence in terms of which a person decides the 
correctness of his judgments, inferences, 
perceptions and characterizations. Such rules 
define the distinct ways in which a thing may 
be known—distinctions, for example, be- 
tween fact, supposition, evidence, illustra- 
tion, and conjecture. For our purposes two 
important classes of such rules of correct 
decisions may be distinguished: ‘‘Cartesian”’ 
rules and “tribal” rules. Cartesian rules 
propose that a decision is correct because the 
person followed the rules without respect for 
persons, i.e., that the decision was made 
without regard for social affiliation. By con- 
trast, ‘‘tribal” rules provide that a decision 
is or is not correct according to whether 
certain interpersonal solidarities are re- 
spected as conditions of the decision. The 
person counts his decision right or wrong in 
accordance with whom it is referentially im- 
portant that he be in agreement. 

The term rationality is frequently used to 
refer to the application of Cartesian rules of 
decision. Because conventions may impose 
constraints on such decision making, the 
extent to which the constraints are sup- 
pressed, controlled, or rendered ineffective or 
irrelevant is another frequent meaning of 
rationality. 

9. Choice. Sometimes the fact that a 
person is aware of the actual possibility of 
exercising a choice and sometimes the fact 
that he chooses, are popular meanings of 
rationality. 





10. Grounds of choice. The grounds upon | ~_ 
which a person exercises a choice among | do 80, 
alternatives as well as the grounds he usestg | his per 
legitimize a choice are frequently pointed out ® way, 0! 
as rational features of an action. Several | ing suc 
different behavioral meanings of the term specify’ 
“grounds” need to be discriminated. | Aa. f 

(a) Rational grounds sometimes refer ex. Refere! 
clusively to the scientific corpus? of informa. | tempt 
tion as an inventory of propositions which jg | struct i 
treated by the person as correct grounds of | value \ 
further inference and action. | quired 

(b) Rational grounds sometimes refer tg, structi! 
such properties of a person’s knowledge ag A pers 
the “fine” or “gross” structure of the charac. condit! 
terizations he uses, or whether the “ip has be 
ventory” consists of a set of stories as com-~ rationé 
pared with universal empirical laws, or the , to am 
extent to which the materials are codified, or | A pe 
whether the corpus in use accords with the | tasks ¢ 
corpus of scientific propositions. up a d 

(c) Insofar as the grounds of choice are| the cc 
the strategies of action, as was noted before | meant 
in point 5, another sense of rationality is, ployed 
involved. may Pp 

(d) Grounds of a person’s choice may be| former 
those which he quite literally finds through | ration: 
retrospectively interpreting a present out- 13. 
“ome. For example, in the effort to determine |: sake.” 
what was “really” decided at a prior time, a| clarity 
person may realize such grounds in the| for di 
course of historicizing an outcome. Thus, if * persor 
a present datum is treated as an-answer-to- | tionsh 
some-question, the datum may motivate the | cern f 
origina! question. Selecting, arranging, and | the c' 
unifying the historical context of an action | additi 
after its occurrence so as to present a ality. 
publicly acceptable or coherent account of | highly 
it is a familiar meaning of ‘‘rationalization.” | sake, 

11. Compatibility of ends-means relation- | perso. 
ships with principles of formal logic. A person | One 
may treat a contemplated course of action as | make; 
an arrangement of steps in the solution of a! projec 
problem. He may arrange these steps as a set | mean! 
of “‘ends-means” relationships but count the“ But t 
problem solved only if these relationships | ables 
are accomplished without violating the ideal | sistin; 
of full compatibility with the principles of} abilit: 
formal scientific logic and the rules of | when 





2 The concept of the corpus of knowledge is oW 
taken from the work of Felix Kaufmann (1944, pp. » ¢atege 
33-66) . rule o 
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scientific procedure.’ The fact that he may 
do so, the frequency with which he does so, 
his persistence in treating problems in this 


1 out ® way, or the success that he enjoys in follow- 
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ing such procedures, are alternative ways of 
specifying the rationality of his actions. 

12. Semantic clarity and distinctness. 
Reference is often made to a person’s at- 
tempt to treat the semantic clarity of a con- 
struction as a variable with a maximum 
value which must be approximated as a re- 
quired step in solving the problem of con- 
structing a credible definition of a situation. 
A person who withholds credence until the 
condition of approximate maximum value 
has been met is frequently said to be more 
rational than another who will lend credence 
to a mystery. 

A person may assign a high priority to the 
tasks of clarifying the constructs which make 
up a definition of a situation and of deciding 
the compatibility of such constructs with 
meanings intended in terminologies em- 
ployed by others. On the other hand, a person 
may pay little attention to such tasks. The 
former action is sometimes said to be more 
rational than the latter. 

13. Clarity and distinctness “for its own 


_sake.”? Schutz points out that a concern for 
p 


clarity and distinctness may be a concern 
for distinctness that is adequate for the 
person’s purposes. Different. possible rela- 
tionships, ideal or actual, between (a) a con- 
cern for clarity and (b) the purposes which 
the clarity of the construct serves reveal 
additional behavioral meanings of ration- 
ality. Two variables are involved: (1) how 
highly one esteems clarification for its own 
sake, and (2) the value assigned by the 
person to the accomplishment of a project. 
One relationship between these variables 
makes the task of clarification itself the 
project to be accomplished. This is the 
meaning of ‘clarification for its own sake.” 
But the relationship between the two vari- 
ables may be treated by a person as con- 
sisting in some degree of independent vari- 
ability. Such a relationship would be meant 
when treating as an ideal ‘clarification that 

3 When treated as a rule for defining descriptive 


categories of action, this property is known as the 
rule of the empirical adequacy of means. 
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is sufficient for present purposes.” Ration- 
ality frequently means a high degree of 
dependence of one upon the other. Such a 
dependence when treated as a rule of in- 
vestigative or interpretive conduct is some- 
times meant in the distinction between 
‘“‘pure”’ and ‘“‘applied” research and theory. 
14. Compatibility of the definition of a 
situation with scientific knowledge. A person 
can allow what he treats as ‘matters of fact” 
to be criticized in terms of their compatibility 
with the body of scientific findings. The 
“allowed legitimacy of such criticism” means 
that in the case of a demonstrated dis- 
crepancy between what the person treats as 
correct grounds of inference (the meaning of 
‘‘fact”’) and what has been demonstrated as 
correct, the former will be changed to accom- 
modate to the latter. Thus a person’s actions 
are said to be rational to the extent that he 
accommodates or is prepared to accom- 
modate to what is scientifically the case. 
Frequently rationality refers to the 
person’s feelings that accompany his con- 
duct, e.g. “affective neutrality,’ ‘“unemo- 
tional,” “detached,” “disinterested,” and 
“impersonal.” For the theoretical tasks of 
this paper, however, the fact that a person 
has such feelings is uninteresting. It is of 
interest, however, that a person uses his 
feelings about his environment to recom- 
mend the sensible character of the thing he is 
talking about or the warrant of a finding. 
There is nothing that prohibits a scientific 
investigator from being passionately hopeful 
that his hypothesis will be confirmed. He is 
prohibited, however, from using his passion- 
ate hope or his detachment of feeling to 
recommend the sense or warrant of a proposi- 
tion. A person who treats his feelings about 
a matter as irrelevant to its sense or warrant 
is sometimes said to be acting rationally, 
while a person who recommends sense and 
warrant by invoking his feelings is said to act 
with less rationality. This holds, however, 
only for ideally described scientific activities. 


SCIENTIFIC RATIONALITIES 


The foregoing rationalities may be used to 
construct an image of a person as a type of 
behavior. A person can be conceived who 
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may‘ search a present situation for its points 
of comparability to situations that he knew 
in the past and may search his past experi- 
ence for formulas that have yielded the 
practical effects he now seeks to bring about. 
In this task he may pay close attention to 
these points of comparability. He may 
anticipate the consequences of his acting ac- 
cording to the formulas that recommend 
themselves to him. He may “rehearse in 
imagination” various competing lines of 
action. He may assign to each alternative, by 
a decision made prior to the actual occasion 
of choice, the conditions under which any 
one of the alternatives is to be followed. 
Along with such structurings of experience 
as these, the person may intend through his 
behaviors to realize a projected outcome. 
This may involve his paying specific at- 
tention to the predictable characteristics of 
the situation that he seeks to manipulate. 
His actions may involve the exercise of 
choice between two or more means for the 
same ends or of a choice between ends. He 
may decide the correctness of his choice by 
invoking empirical laws. And so on. 

In extending the features of this behavioral 
type to incorporate all of the preceding 
rationalities, a distinction arises between the 
interests of everyday life and the interests of 
scientific theorizing. Where a person’s actions 
are governed by the “‘attitude of daily life,” 
all of the rationalities can occur with four 
important exceptions. Phrased as _ ideal 
maxims of conduct, these excepted ration- 
alities state that the projected steps in the 
solution of a problem or the accomplishment 
of a task, i.e., the “means-ends relation- 
ships,” be constructed in such a way (1) that 
they remain in full compatibility with the 
rules that define scientifically correct de- 
cisions of grammar and procedure; (2) that 
all the elements be conceived in full clearness 
and distinctness; (3) that the clarification of 
both the body of knowledge as well as the 
rules of investigative and interpretive pro- 
cedure be treated as a first priority project; 
and (4) that the projected steps contain only 
scientifically verifiable assumptions that 
have to be in full compatibility with the 


‘ By “‘may”’ is meant available as one of a set of 
alternatives. It does not mean likelihood. 





whole of scientific knowledge. The behaviorg}_priefly 
correlates of these maxims were described] return 
before as rationalities 11 through 14. Fo 
ease.of reference I shall refer to these four ag 
“the scientific rationalities.” 

It is the crux of this paper and of a re| The 
search program that would follow if jt theorlz 
arguments are correct, that the scientifg| in his 
rationalities, in fact, occur as stable propertig| nology 
of actions and as sanctionable ideals only in| 1944; 
the case of actions governed by the attitude of ments 
scientific theorizing. By contrast, actiong\ 0D tk 
governed by the attitude of daily life ar each 0 
marked by the specific absence of these ration.| POsitio 
alities either as stable properties or as sanction.| COMP 
able ideals. Where actions and social struc| 1+ 7 
tures governed by the presuppositions of} the ““¢ 
everyday life are concerned, attempts to| Shows 
stabilize these features or to compel ad.| “Pract 
herence through socially systematic adminis-| ¢Ve?ts 
tration of rewards and punishments are the} the P! 
operations required to multiply the anomie world 
features of interaction. All of the other| Withe 
rationalities, 1 through 10, however, can{ While 
occur in actions governed by either attitude,| Wat 
both as stable properties and sanctionable doubt 
ideals. appea 

The preceding assertions are meant as| 48Sum 
empirical matters not as doctrinal ones. The} ® rela 
reconstruction of the “problem of ration- _ 
ality’’® proposed by this paper depends upon thi 
the warranted character of these assertions, | pa 
Their test depends upon a viable distinction appea 
between the ‘“‘attitude of daily life” and the} object 
“attitude of scientific theorizing.” It is neces-} doubtf 
sary, therefore, that the different presup-| the pe 
positions that make up each attitude be| doubt 


P) 





5 For the sociological theorist, the “‘problem same 
of rationality’’ can be treated as consisting of five 
tasks: (1) clarifying the various referrents of the 
term “rationality”? which includes stating the be- In 
havioral correlates of the various ‘‘meanings’’ of | quite 
rationality as (a) the individual’s actions as well | eeduri 
as (b) the ‘“‘system’s”’ characteristics; (2) deciding be co 
on the ground of the examination of experience * ,, 
rather than by an election of theory which of the | offic’ 
behavioral designata go together; (3) deciding an } the ol 
allocation of behavioral designata between defini- | The a 
tional and empirically problematical status; (4) 
deciding the grounds for justifying any of the 6 Tc 
many possible allocations that he may finally | that t 
choose to make; and (5) showing the consequences | scienti 
of alternative sets of decisions for sociological | the act 
theorizing and investigation. matte 
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briefly compared. After this is done, we shall 
return to the main thread of the argument. 


PRESUPPOSITIONS OF THE TWO 
ATTITUDES 

The attitudes of daily life and scientific 
theorizing® were described by Alfred Schutz 
in his studies of the constitutive phenome- 
nology of common sense situations (1943; 
1944; 1945; 1951; 1953). Because the argu- 
ments of this paper depend upon the assump- 
tion that these attitudes do not shade into 
each other, it is necessary that the presup- 
positions that comprise each be briefly 
compared. 

1. The first assumption Schutz refers to is 
the “‘epoche” of the natural attitude. He 
shows that in everyday situations the 
“practical theorist” achieves an ordering of 
events while seeking to retain and sanction 
the presupposition that the objects of the 
world are as they appear. The person coping 
with everyday affairs seeks an interpretation 
» while holding a line of “official neutrality” 
toward the interpretive rule that one may 
doubt that the objects of the world are as they 
appear. Stated as a property of events, this 
assumption consists of the expectation that 
a relationship of undoubted correspondence 
exists between actual appearances of the 
object and the-intended-object-that-appears- 
in-this-determined-fashion. Out of the set of 
alternative relationships between the actual 
appearances of the object and the intended 
object, as for example, the relationship of 
doubtful correspondence between the two, 
the person expects that the presupposed un- 
doubted correspondence is the sanctionable 


} one, and that the other person employs the 


same expectancy in a more or less identical 
fashion. 
In the activities of scientific theorizing 





quite a different role of interpretive pro- 
_ cedure is used. It provides that interpretation 
,be conducted while holding a position of 
| “official neutrality” toward the belief that 
| the objects of the world are as they appear. 


The activities of everyday life, of course, per- 


‘To avoid misunderstanding I want to stress 
that the concern here is with the attitude of 
scientific theorizing. The attitude that informs 
| the activities of actual scientific inquiry is another 
matter entirely. 
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mit the actor’s doubt that the objects are as 
they appear; but this doubt is in principle a 
doubt that is limited by “practical consider- 
ations,” i.e., his doubt is limited by his 
respect for certain valued, more or less 
routine features of the social order as seen 
from within, that he specifically does not and 
will not call into question. By contrast, the 
activities of scientific theorizing are governed 
by the strange ideal of doubt that is in 
principle unlimited and that specifically does 
not recognize the normative social structures 
as constraining conditions. 

2. Schutz speaks of a second assumption 
as the person’s practical interest in the 
events of the world. An invariant feature of 
the presuppositions of daily life is the 
person’s belief that events can actually and 
potentially affect his actions and can be 
affected by his actions. Under this presup- 
posed feature of events, the accuracy of his 
ordering of events is assumed by the person 
to be tested and testable without suspending 
the relevance of what he knows as fact, sup- 
position, conjecture, fantasy and the like by 
virtue of his bodily and social positions in 
the real world. For the person in daily life, 
events, their relationships, their causal 
textures are not matters of mere theoretic 
interest. He does not sanction the notion 
that in dealing with the events of his environ- 
ment it is correct to address them with the 
interpretive rule that he knows nothing or 
that all of what he knows he knows only 
‘until further notice.” What he knows, in 
the way he knows it, he assumes to be an 
integral feature of himself as a social object. 
He sanctions his competence as a bona-fide 
member of the group as a condition for ade- 
quately appreciating the sense of his every- 
day affairs; he does not treat this competence 
as irrelevant. 

By contrast, the interpretive rules of the 
attitude of scientific theorizing provide that 
the accuracy of a model is to be tested while 
suspending judgment on the relevance of 
what the theorizer knows by virtue of his 
social and bodily positions in the real world. 

3. Schutz describes the time perspective 
of daily life. The person who is said to orient 
events in the attitude of everyday life ac- 
cords to possible events a temporal accent 
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which is drawn from what the person 
assumes is a scheme of temporal relation- 
ships that he and other persons employ in 
equivalent and standardized fashion. The 
conversation that he is having consists for 
him of not only the events of his stream of 
experience, but of what was, is, or may be 
said at a time that is designated by the suc- 
cessive positions of the hands of the clock. 
The conversation is not only progressively 
realized through a succession of realized 
meanings of the course of utterances, but as 
of any point in its course, the conversation 
has a time of beginning, of duration, and of 
termination. Its events are co-ordinate with 
a socially employed scheme of temporal 
determinations. For the person oriented to a 
situation in a “practical way” his interest in 
standard time is not like his interest when he 
is theorizing scientifically. 

In the attitude of daily life the interest in 
an interpersonally validated scheme of 
standard time is directed to the problems 
such a scheme solves for the user in schedul- 
ing and co-ordinating his inner life and 
bodily movements to those of others. By 
contrast, the interest in standard time that 
occurs in the attitude of scientific theorizing 
—assuming in the first place that the scien- 
tific theorizer is concerned with matters of 
fact—is confined to the use of such a scheme 
as a means of conceiving an empirically pos- 
sible world rather than as a means of schedul- 
ing his actions. Other attitudes provide 
alternative and contrasting ways of tempo- 
rally punctuating events. For example, in the 
play Ethan Frome, the lovers’ fate comes be- 
fore and as a condition for appreciating the 
sequence of steps that led up to it. But in 
situations of everyday life the person assigns 
to events the properties of standard time 
relationships. He assumes, too, that the 
scheme of standard time is entirely a public 
enterprise, a kind of ‘one great clock 
identical for all.” 

4. The person assumes a particular “form 
of sociality.”” This assumption consists of the 
belief that some characteristic disparity 
exists between the image of himself that he 
attributes to others and the image that he 
has of himself, i.e., a characteristic disparity 
between his public and private life. He as- 


sumes, too, that alterations of this character. 
istic disparity remain within his autonomoug 
control. The assumption serves as a rule 
whereby the everyday theorist groups hig 
experiences with regard to what goes 
properly with whom. There corresponds 
thereby to the common _ intersubjective 
world of communication the unpublicized 
knowledge, concerned with matters that one 
person knows that he assumes others do not 
know. The events of everyday situations are 
communicated by this integral background 
of ‘meanings held in reserve.”’ This assump- 
tion too is heavily modified in the rules that 
govern the actions of scientific theorizing. In 
the sociality of scientific theorizing, the 
theorizer is outside of a role. All matters 
relevant to his depiction of a possible world 
are public and publicizable. It is difficult to 
see how one might shame the scientific 
theorizer or make him indignant. 

5. The attitude of daily life contains the 
assumption of a common _ intersubjective 
world of communication. 
every day life are informed by this integral 
background of sense. This assumption of a 
common intersubjective world of communi- 
cation is startlingly modified in the actions 
of scientific theorizing. The “relevant other 
persons” for the scientific theorizer (col- 
leagues, for example) are at best forgivable 
instances of highly abstract “investigators” 
who are, in the ideal, disembodied manuals 
of proper ways of proceeding. 

These two sets of presuppositions do not 
shade into each other, nor are they dis- 
tinguishable in degree. Rather, passing from 
the use of one set to the use of the other— 
from one “attitude” to another—produces a 
radical alteration in the person’s structurings 
of events and their relationships. In the 
literal mathematical sense the two attitudes 
produce logically incompatible sets of events. 
The nature of the difference between the 


systems of events that are constituted by * 


the two sets of interpretive presuppositions 
is illustrated in the following example. The 
related events that a viewer witnesses on his 
television screen when he attends to “the 
story” may be compared with the events he 


witnesses when he attends to the scene as a! 


set of effects accomplished by actors be- 
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RATIONAL PROPERTIES OF SCIENTIFIC AND COMMON SENSE ACTIVITIES 


having in accordance with instructions from 
a producer. It would be the grossest philo- 
sophical didacticism to say that the viewer 
has seen “different aspects of the same 
thing,” or that the events of the story are 
“nothing but’’ uncriticaliy appreciated 
events of the production. 


METHODOLOGY 


It is the scientific rationalities which 
writers on social organization and decision 
making commonly refer to as features of 
“rational choice.”’ It is proposed here, how- 
ever, that the scientific rationalities are 
neither properties of nor sanctionable ideals 
of choices exercised within the affairs 
governed by the presuppositions of everyday 
life. If the scientific rationalities are neither 
stable properties nor sanctionable ideals of 
everyday life, then the troubles encountered 
by researchers and theorists with respect to 
the concepts of organizational purposes, the 
role of knowledge and ignorance in interac- 


‘tion, the difficulties in handling meaningful 


messages in mathematical theories of com- 
munication, the anomalies found in studies 
of betting behavior, the difficulties in ra- 
tionalizing the concept of abnormality in 
light of cross-cultural materials may be 
troubles of their own devising. The troubles 
would be due not to the complexities of the 
subject matter, but to the insistence on con- 
ceiving actions in accordance with scientific 
conceits instead of looking to the actual 
rationalities that persons’ behaviors, in fact, 
exhibit in the course of managing’ their 
practical affairs. 

Schutz (1943, pp. 142-143) tells us what it 
means to say that an actor has rational 
choice: 

“Rational choice would be present if the actor 
had sufficient knowledge of the end to be realized 
as well as the different means apt to succeed. But 
this postulate implies: 

1. Knowledge of the place of the end to be 
realized within the framework of the plans 
of the actor (which must be known by him, 
too). 

2. Knowledge of its interrelations with other 
ends and its compatibility or incompatibility 
with them. 

3. Knowledge of the desirable and undesirable 
consequences which may arise as_ by- 
products of the realization of the main end. 
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4. Knowledge of the different chains of means 
which technically or even ontologically are 
suitable for the accomplishment of this end 
regardless of whether the actor has control 
of all or several of these elements. 

5. Knowledge of the interference of such means 
with other ends of other chains of means 
including all their secondary effects and 
incidental consequences. 

6. Knowledge of the accessibility of these 
means for the actor, picking out the means 
which are within his reach and which he can 
and may set going. 

The aforementioned points do not by any 
means exhaust the complicated analysis that 
would be necessary in order to break down the 
concept of rational choice in action. The complica- 
tions increase greatly when the action in question 
is a social one. . . . In this case the following ele- 
ments become additional determinants for the 
deliberation of the actor. First, the interpretation 
or misinterpretation of his own act by his fellow 
man. Second, the reaction by the other people and 
its motivation. Third, all the outlined elements of 
knowledge (1 to 6) which the actor rightly or 
wrongly attributes to his partners. Fourth, all the 
categories of familiarity and strangeness, of 
intimacy and anonymity, of personality and type 
which we have discovered in our inventory of the 
organization of the social world.” 


But, then, asks Schutz, where is this system 
of rational choice to be found? 


‘¢.. The concept of rationality has its native place 
not at the level of everyday conceptions of the 
social world but at the theoretical level of the 
scientific observation of it, and it is here that it 
finds its field of methodological application.” 


Schutz concludes that it is found in the 
logical status, the elements, and the uses of 
the model which the scientist decides on and 
uses as a scheme for interpreting the events 
of conduct. But, 


“This does not mean that rational choice does 
not exist within the sphere of everyday life. Indeed 
it would be sufficient to interpret the terms clear- 
ness and distinctness in a modified and restricted 
meaning, namely, as clearness and distinctness 
adequate to the requirements of the actor’s prac- 
tical interest ... What I wish to emphasize is 
that the ideal of rationality is not and cannot be 
a peculiar feature of everyday thought nor can it 
therefore be a methodological principle of the 
interpretation of human sets in daily life.” 


Reconstructing the problem of rationality 
so as to hand it back to researchers consists 
in the proposal that sociologists cease treat- 
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ing the scientific rationalities as a methodo- 
logical rule for interpreting human actions. 

Procedurally speaking, how would an in- 
vestigator act once he has ceased to treat the 
scientific rationalities as a methodological 
rule? 


NORMS OF CONDUCT 


When the above-mentioned rational prop- 
erties of actions are conceived as norms of 
proper conduct, four meanings of such 
norms can be distinguished. 

First, the norms may consist of the ration- 
alities to which scientific observers subscribe 
as ideal norms of their activities as scientists. 
Second, the term may refer to rationalities as 
operative norms of actual scientific work. 
Empirically, the two sets of norms do not 
show point for point correspondence. For 
example, there is a routinization of problem 
design and solution as well as a trust of other 
investigators found in actual investigative 
operations which textbooks in methodology 
generally ignore. Third, the term may refer 
to the socially employed and socially 
sanctioned ideals of rationality. Here the 
reference is to those rationalities as standards 
of thought and conduct that remain in 
accord with a respect for the routine orders 
of action of everyday life. Such standards are 
referred to in everyday language as “reason- 
able” thinking and conduct. Fourth, there 
are the rationalities as operative norms of 
actual activities of daily life. 

To use the rationalities as a methodologi- 
cal principle for the interpretation of human 
actions in daily life means to proceed as 
follows: (1) The ideal characteristics that 
scientific observers subscribe to as the ideal 
standards of their investigative and theoriz- 
ing conduct are used to construct the model 
of a person who acts in a manner governed 
by these ideals. Von Neumann’s game 
player, for example, is such a construction.’ 


7 Consider his characteristics. He never over- 
looks a message; he extracts from a message all 
the information it bears; he names things properly 
and in proper time; he never forgets; he stores and 
recalls without distortion; he never acts on prin- 
ciple but only on the basis of an assessment of the 
consequences of a line of conduct for the problem 
of maximizing the chances of achieving the effect 
he seeks. 


(2) After describing actual behaviors, one 
looks to the model for the discrepancies be. 
tween the way in which a person so con 
structed would have acted and the way the 
actual person has acted. Questions like the 
following are then asked: Compared with the 
model, how much distortion is there jn 
recall? What is the efficiency of the means 
that the actual person employed when they 
are viewed with reference to the observer's 
wider knowledge, this observer’s wider 
knowledge being typified as “the current 
state of scientific information’? What con. 
straints are there upon the use of norms of 
technical efficiency in the attainment of 
ends? How much and what kind of informa- 
tion is needed for decisions that are pre 
dicted on the consideration of all the scien- 
tifically relevant parameters of the problem, 
and how much of this information did the 
actual person have? 

In a word, the model states the ways a 
person would act were he conceived to be 
acting as an ideal scientist. The question then 
follows: What accounts for the fact that 
actual persons do not match up, in fact rarely 
match up, even as scientists? In sum, the 
model of this rational man as a standard is 
used to furnish the basis of ironic compari- 
son; and from this one gets the familiar 
distinctions between rational, non-rational, 
irrational, and a-rational conduct (Pareto, 
1935; Levy, 1952). 

But this model is merely one among an un- 
limited number that might be used. More 
importantly, no necessity dictates its use. To 
be sure, a model of rationality is necessary, 
but only for the task of deciding a definition 
of credible knowledge and then only but un- 
avoidably for scientific theorizing. It is not 
necessary and it is avoidable in theorizing ac- 
tivities employed in coming to terms with the 
affairs of everyday life. 
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It is necessary for scientific theorizing but | charac 


not because of any ontological characteristi¢ 
of the events that scientists seek to conceive 
and describe. It is necessary because the 
rules that govern the use of their propositions 
as correct grounds for further inference, i.e., 
in the very definition of credible knowledge, 


describe such sanctionable procedures as, for’, 


example, not permitting two incompatible or 
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contradictory propositions both to be used as 
legitimate grounds for deducing the warrant 
of another proposition. Since the definition 
of credible knowledge, scientific or other- 
wise, consists of the rules that govern the 
use of propositions as grounds of further in- 
ference and action, the necessity of the model 
is provided by the decision in the first place 
to act in conformity with these rules (Kauf- 
mann, 1944, pp. 48-66). The model of 
rationality for scientific theorizing literally 
consists of the theorizer’s ideal that the 
meanings of these rules can be clearly 
explicated. 

It is a consequence of the fact that actions 
of inquiry and interpretation are governed 
by what to common sense are the outlandish 
rules of scientific activities that the decision 
to use a proposition as grounds of further 
inference varies independently of whether or 
not the user can expect to be socially sup- 
ported for using it. But in activities governed 
by the presuppositions of daily life the body 
of credible knowledge is not subject to such 
rigid restrictions regarding the use of propo- 
sitions as legitimate grounds for further in- 
ference and action. Within the rules of 
relevance of everyday life, a correctly used 
proposition is one for whose use the user 
specifically expects to be socially supported. 


RATIONALITIES AS DATA 


No necessity dictates that a definition of 
Lational action be decided in order to con- 
ceive a field of observable events of conduct. 
This result has the important and paradoxi- 
cal consequence of permitting us to study the 
properties of rational action more closely 
than ever before.’ Instead of using the vision 
of the ideal scientist as a means for con- 
structing descriptive categories of behavior 
—and rational, non-rational, irrational, and 
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| characteristics of activities may be addressed 
‘with the empirical task of describing them as 
they are found separately in the above list of 


8It is through the absence of the ‘‘scientific 
rationalities’’ in the actions that constitute the 
routine social structures that rational action 
becomes problematical in the ways intended in 
Max Weber’s neglected distinction between formal 
and substantive rationality. 
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rationalities or in clusters of these character- 
istics. The uses, then, would look to the con- 
ditions of the actor’s make-up and to his 
characteristic relationships to others as 
factors that might account for the presence 
of these rationalities, but without ironic 
comparison. 

Instead of the properties of rationality being 
treated as a methodological principle for inter- 
preting activity, they are treated only as em- 
pirically problematical material. They have 
the status only of data and have to be accounted 
for in the same way that the more familiar 
properties of conduct are accounted for. Just as 
we might ask how the properties of a status 
arrangement are relevant to the incidence of 
striving behavior, or organized dissent, or 
scapegoating, or to the chances of occupa- 
tional mobility or whatever, so we might ask 
how the properties of a status arrangement 
are determinative of the extent to which the 
actions of the actors show the rationalities. 
Questions such as the following, then, press 
for answers: Why are rationalities of scien- 
tific theorizing disruptive of the continuities 
of action governed by the attitude of daily 
life? What is there about social arrangements 
that makes it impossible to transform the 
two “attitudes” into each other without 
severe disruptions of the continuous activity 
governed by each? What must social arrange- 
ments be like in order that large numbers of 
persons, as we know them in oursociety today, 
can not only adopt the scientific attitude 
with impunity but can for their success in 
employing it make substantial claims for a 
living upon those to whom the attitude is 
foreign and in many cases repugnant? In a 
word, the rational properties of conduct may 
be removed by sociologists from the domain 
of philosophical commentary and given over 
to empirical research. 

It is possible to state a general rule which 
subsumes innumerable research problems: 
Any factor that we take to be conditional of any 
of the properties of activities is a factor that is 
conditional of the rationalities. This rule sets 
up the claim that such factors, for example, 
as territorial arrangements, the number of 
persons in a net, rates of turnover, rules 
governing who can communicate with whom, 
timing patterns of messages, the distribu- 
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tions of information as well as the operations 
for altering these distributions, the number 
and location of information ‘transforma- 
tion” points, the properties of coding rules 
and language, the stability, social routines, 
the structured or ad hoc incidence of strain 
in a system, the properties of prestige and 
power arrangements, and so on, are to be 
considered determinative of the rational 
properties of actions governed by the at- 
titude of daily life. 

The immediate need is for an instrument 
that can be used to estimate the clusterings 
of the rationalities and their extensiveness for 
the actions of persons found at strategically 
different places in the social structure. 


CONCLUSIONS 


It has been the purpose of this paper to 
recommend the hypothesis that the scientific 
rationalities can be employed only as in- 
effective ideals in the actions governed by 
the presuppositions of everyday life. The 
scientific rationalities are neither stable 
features nor sanctionable ideals of daily 
routines, and any attempt to stabilize these 
properties or to enforce conformity to them 
in the conduct of everyday affairs will 
magnify the senseless character of a person’s 
behavioral environment and multiply the 
anomic features of the system of interaction. 

Bold as the statement may be, it does no 
violence whatever; and, in fact, it is entirely 
compatible with current sociological dis- 
course and current sociological theories and 
findings. Sociologists have long been con- 
cerned with the task of describing the con- 
ditions of organized social life under which 
the phenomena of rationality in conduct 
occur. One of these conditions is continually 
documented in sociological writings: routine 
as a necessary condition of rational action. 
Max Weber, in his neglected distinction be- 
tween substantive rationality and formal 
rationality, and almost alone among socio- 
logical theorists, used the distinction be- 
tween the two sets of rationalities through- 
out his work, although he proposed the 
distinction on the basis of a keen methodo- 
logical intuition rather than on empirical 
grounds. 

The relationships between routine and 
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rationality are incongruous ones if they are 
viewed either according to everyday com. 
mon sense or according to most. philosophical 
teachings. But sociological inquiry accepts 
almost as a truism that the ability of a 
person to act “rationally’”—that is, the 
ability of a person im conducting his everyday 
affairs to calculate, to project alternative 
plans of action, to select before the actual 
fall of events the conditions under which he 
will follow one plan or another, to give 
priority in a selection of means to their 
technical efficacy and the rest—depends 
upon the fact that the person must be able 
literally to take for granted, to take under 
trust, a vast array of features of the social 
order. In order to treat rationally the 14 oth 
of his situation that, like an iceberg, appears 
above the water, he must be able to treat the 
%{oths that lies below as an unquestioned 
and, even more interestingly, as an un- 
questionable background of matters that are 
demonstrably relevant to his calculation, but 
which appear without being noticed. In his; 
famous discussion of the normative back- 
grounds of activity, Emile Durkheim made 
much of the point that the validity and 
understandability of the stated terms of a 
contract depended ‘upon the unstated terms 
that the contracting parties took for granted 
as binding upon their action. 

The sociologist refers to these trusted,‘ 
taken for granted, background features of 
the person’s situation, that is, the routine 
aspects of the situation that permit ‘‘rational 
action,” as mores and folkways. Among 
sociologists the mores depict the ways in 
which routine is a condition for the appear- 
ance of rational action or, in psychiatric 
terms, for the operativeness of the ‘reality 
principle.” The mores have been used, 
thereby, to show how the stability of social 
routine is a condition which enables persons 
in the course of their everyday affairs to 
recognize each other’s actions, beliefs, aspira- . 
tions, feelings, and the like as reasonable, 
normal, legitimate, understandable, and 
realistic. 
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“T don’t know what you mean by ‘glory,’ ” Alice said. Humpty 
Dumpty smiled contemptuously. “Of course you don’t—till I 
tell you. I meant ‘there’s a nice knock-down argument for you’!”’ 

“But ‘glory’ doesn’t mean ‘a nice knock-down argument,’ ” 
Alice objected. 

“When J use a word,” Humpty Dumpty said, in rather a 
scornful tone, “it means just what I choose it to mean—neither 
more nor less.” 

“The question is,” said Alice, “whether you can make words 
mean so many different things.” 

“The question is,” said Humpty Dumpty, “which is to be 
master—that’s all.” 


’ 


Lewis CarRou., Through the Looking-Glass 








BOOK REVIEWS 


Richard L. Masland, Seymour B. Sarason, 
and Thomas Gladwin, Mental 
subnormality. Biological, psycho- 
logical and cultural factors. New 
York: Basic Books, 1958. Pp. 442. 


HIS survey of research by a neurologist, 
2 igs psychologist, and an anthropologist 
was written at the request of the National 
Association for Retarded Children. 

Masland presents a review of recent 
developments in human genetics as well as 
an account of some studies on environmental 
factors during early and later stages of 
pregnancy and in infancy, while Sarason 
and Gladwin present ‘capita selecta’ on the 
role of cultural factors in complicating the 
evaluation of psychoiogical test performance. 

Their review includes a brief presentation 
of Guilford’s recent ideas on the structure of 
intelligence (in the normal or superior adult) 
and a plea for the use of the multifactorial 
concept of intelligence in studies of sub- 
normal performance. This reviewer strongly 
supports this plea as well as the authors’ 
proposal for comparative studies of the 
multifactorial structure of intelligence in 
groups at varying intellectual levels as well 
as of diverse cultural backgrounds. 

In their jointly written introduction, the 
authors record explicitly their decision to 
write separate reviews of the two broad 
areas relating to the causation of mental 
subnormality, i.e., anatomical or biochemi- 
cal abnormalities and cultural factors. It is 
regrettable that no effort was made to write 
a joint chapter containing recommendations 
for studies aimed at broadening our under- 
standing of the interaction of both types of 
causative forces, such as investigations of 
the early environment and of the biochemis- 
try in mongoloids of borderline intelligence 
or of infants with phenylketonuria while on 
a phenylalanine-free diet. 

While this volume does not cover all the 
material one might expect in a text book on 
mental subnormality, it might have served 


as a refresher course for research workers ig 
this field if the authors had thus cooperated, 
As it is, the review by Masland is too sue 
cinct to be useful for psychologists and 
sociologists. The review by Sarason and 
Gladwin may be more useful to the biologi. 
cally trained scientist but is perhaps too 
weak in its systematic joints to be useful for 
a wider audience. 

STEVEN G. VANDENBERG 

Mental Health Research Institute, 

The University of Michigan 


Rollo May, Ernest Angel, and Henri F, 
Ellenberger, Editors. FE ristence, 
New York: Basic Books, 1958. 


HIS book offers the first extensive intro- 
duction, in the English language, to the 
phenomenological and existential analytic; 
schools of psychiatry in Europe. It is sur- 
prising that, even today, there exists such a 
wide difference between European and 
American psychiatry. Even more strange is 
the fact that on either side of the Atlantic 
one is largely ignorant of what goes on 
on the other side. The present book may 
well help to make us more aware of recent } 
thinking in European psychiatry. 
In the first three chapters the authors give 
a short introduction to the history, psycho- 
therapeutic and theoretical implications of 
phenomenology and existential analysis. 
This is done in clear and readable English, 
unusual in this field where writing is soj 
often pompous. The remaining 300 pages 
contain translations of papers that are 
representative of different variations and 
stages of the development. of phenomenology 
and existential analysis. Most of these papers 
are well chosen. However their organization 
in the book could give the false impression 
that each paper represents a stage in a 
development that culminates in the existen- 
tial analysis of Binswanger. In reality, the 
different approaches still exist side by side. 
An important omission is the absence of 
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sibly has gone a step beyond Binswanger. 
The inclusion of the article by R. Kuhn 
seems to add little but confusion to the 
understanding the reader may be able to 
obtain in the rest of the book. 

The article by Henri F. Ellenberger is 
especially clear and instructive. This author 
gives an overview of the different approaches 
in psychiatry that are indicated by the name 
phenomenology : 

1. Descriptive phenomenology, intro- 
duced by Karl Jaspers. This method relies 
mainly on verbal and nonverbal communica- 
tions from the patient in order to obtain 
insight into his inner experiences. 

2. The genetic-structural method (in the 
book represented by the papers of E. 
Minkowski and E. Straus). This approach 
starts out in a way similar to the descrip- 
tive method; but it tries to elicit a central 
disturbance (e.g., the subjective way of 
experiencing time), which presumably makes 
the total of the patient’s disturbances 
understandable. 

3. Categorical phenomenology. In_ this 
method ‘“...the phenomenologist tries to 
reconstruct the inner world of his patients 
through an analysis of their manner of 
experiencing time, space, causality, material- 
ity and other categories.” 

While the phenomenologist limits himself 
basically to the investigation of “‘states of 
consciousness,”’ the existential analyst in- 
 tegrates such findings into an interpreta- 
tion of the ‘“‘mode of existence” of a patient. 
The existential philosophy of M. Heidegger 
serves as a frame of reference for this inter- 
pretation. The most extensive example of an 
existential analysis is the beautifully de- 
scribed case of Ellen West by L. Binswanger, 
especially translated for this book. A more 
theoretical discussion of this method is 
given in the paper ‘‘The existential analytic 
school of thought” also by L. Binswanger. 
> The value of phenomenology and existential 
analysis is still a controversial issue, even 
in Europe. It is not likely that these meth- 
ods will be met with much enthusiasm in the 
United States. But however this may be, the 
confrontation with these approaches may 
this field where our 
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For this reason this book merits the atten- 
tion of every psychiatrist or scientist inter- 
ested in human behavior. 

CorneEtis B. BAKKER 

Mental Health Research Institute, 

The University of Michigan 


Medard Boss, The analysis of dreams. 
New York: Philosophical Library, 
1958. 


EDARD Boss, Professor of Psychiatry 
M at the University of Ziirich, was 
originally trained in Freudian analysis. 
Confronted with the development of existen- 
tial philosophy (especially by M. Heidegger) 
and of existential analysis (Binswanger) in 
Europe, he has formed a psychotherapeutic 
approach that is a compromise of Freudian 
technique and ‘existentialistic” interpreta- 
tion. In the present book he shows what 
light this frame of reference can throw on 
the old problem of dream interpretation. In 
the first part of the book he discusses 
briefly the different dream theories that are 
current (those of S. Freud, C. G. Jung, 
H. Silberer, E. Fromm, and others). Each of 
the theories is subjected to specific criticism. 
The Freudian theory, for instance, is criti- 
cized for the ways in which the original 
dream thoughts are reconstructed from the 
manifest dream content (by reversing con- 
densation, displacement, etc.) with which 
“Reconstructions of latent dream thoughts 
Freud has without doubt opened wide the 
doors to arbitrariness and violence of fact.” 
In the remainder of the book, Medard Boss 
develops his ov. 1 method of dream analysis. 
His approach is novel, stimulating, and 
most of the time clearly formulated and 
well illustrated by dream examples (the 
author claims to have 11,200 written records 
of dreams). In essence, Boss wants to let 
the dream “speak for itself.”” He takes the 
dream seriously, as it is presented. He lets 
the dream tell its own story, and then he 
asks the question: ‘‘What mode of existence 
did a dreamer have in the dream that such a 
dream became possible?” For instance, if 
in the dream there is an abundance of food 
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that seemed extremely attractive, we may extend our understanding of the patient 
conclude that it is quite likely that the and our awareness of his potentialities. 
dreamer at that time was in a state of hun- Some aspects of the exposition are cer. 
ger. The intentionality of the dreamer tainly open to criticism. For instance, it CON 
shows itself in the dream. The dream then never becomes clear what is really the differ. 
is taken as seriously as waking life. While ence between waking and dreaming. Never. Logic 
in waking life, the way in which we perceive _ theless, this book opens a new way of look. 
our environment tells the story of our way ing at dreams. The strongest point of this 
of existing at that time, likewise, the dream method lies in its simplicity; no intricate 
will tell the same about the dreamer. Boss unprovable mechanisms of dream-thought 
shows with a great many examples how he transformation have to be presupposed in The 
proceeds in this way to extricate meaningful order to see the dream as a meaningful progral 
material from the dreams. Boss reasons phenomenon. salve p 
that the mode of the dreamer’s existence is CorNELIS B. BAKKER these | 
also a fundamental possibility for him during Mental Health Research t nstitute, that ai 
waking life. Dream analysis, therefore, can The University of Michigan With 
believe 
by mac 
of the | 
eo) of this 
as yet. 
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cepting 
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Abstraction expresses nature’s mode of interaction and is not associa 
merely mental. When it abstracts, thought is merely conforming to ‘or,’ ‘if 
nature—or rather, it is exhibiting itself as an element in nature. The o1 
Synthesis and analysis require each other. Such a conception is (1) the 
paradoxical if you will persist in thinking of the actual world as a formul: 
collection of passive actual substances with their private charac- happen 
ters or qualities. In that case, it must be nonsense to ask, how one Princir 
such substance can form a component in the make-up of another may nx 
such substance. So long as this conception is retained, the difficulty the mi 
is not relieved by calling each actual substance an event, or a pat- design, 
tern, or an occasion. The difficulty, which arises for such a con- velop 
ception, is to explain how the substances can be actually together happen 
in a sense derivative from that in which each individual sub- these | 
stance is actual. But the conception of the world here adopted is Sout, 
that of functional activity. By that I mean that every actual pressio 
thing is something by reason of its activity; whereby its nature whethe 
consists in its relevance to other things, and its individuality (3) det 
consists in its synthesis of other things so far as they are relevant form o 
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Logic By Machine: Programming the 
LGP-30 to Solve Problems in Sym- 
bolic Logic*, Paul W. Hagensick, 
Ohio University 


The purpose of this paper is to describe a 
program enabling a digital computer to 
solve problems in symbolic logic. At present 
these problems are limited to expressions 
that can be formulated in propositional logic. 
With relatively minor modifications, it is 
believed that the range of problems solved 
by machine will be extended to include some 
of the functional calculi. The possible scope 
of this extension has not been fully explored 
as yet. Within propositional logic, the pro- 
gram that is being devised is capable of ac- 
cepting any complex expression in which any 
number of propositional abbreviations are 
passociated with the connecting terms ‘and,’ 
‘or,’ ‘if ..., then,’ ‘if, and only if,’ or ‘not.’ 
The only limitations in the program are: 
(1) the propositional expression must be 
formulated in a specified symbolic form (that 
happens to be reasonably close to that of 
Principia Mathematica); (2) the expression 
may not contain more component parts than 
the machine involved can, because of its 
rete accept. In the machine used to de- 
velop this program, this practical limit 
happens to be about 2000 characters. Within 
these limits, the logie program will do the 
following: (1) determine whether a given ex- 
pression is logically true; (2) determine 
whether a given expression is logically false; 
(3) determine and print out the simplest 





form of the given logical expression if it is 
‘neither a contradiction nor a tautology. By 
| the simplest form of a complex propositional 
‘statement I mean one in which all re- 
dundancy has been eliminated, all parenthe- 


*This paper is a revised and somewhat ex 
panded edition of a paper read at the first annual 
meeting of the LGP-30 Users Pool in Washington, 
D.C., April 14, 1958. Omitted in reading the paper 





were some of the details of the design of this com- 


; puter and some of the more technical features of 


the logic program. 
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ses removed, all contradictory elements de- 
tected and eliminated, and all tautologies 
detected and eliminated. The basic problem 
in the logic program is to find how to teach 
a machine to do these things. 

It has long been recognized that the logical 
import of a statement in propositional logic 
can be completely and conclusively deter- 
mined by using truth-tables. By tabulating 
all possible combinations of true and false, a 
statement that is logically true will be true 
for every possible arrangement of truth- 
values among its constituent parts; a contra- 
diction, or logically false statement, will 
always show any arrangement to be false; a 
statement not logically determinable will 
always show that at least one arrangement 
of its parts is true and at least one is false. 
The important point to note is that truth- 
tables can be used to test propositions with 
any degree of complexity whatever, pro- 
vided only that they can be stated in 
propositional logic. With this in mind it was 
thought that the problem of how to program 
a machine to do logical problems could be 
solved by having the machine automatically 
generate what amounts to a truth-table of 
whatever degree of complexity was required. 
However, a serious difficulty arose almost 
immediately when this kind of program was 
written. While such a program can process 
propositional expressions containing a large 
number of units, it cannot process expres- 
sions containing more than 15 different 
propositions, on the machine used. Each new 
and different proposition doubles the previ- 
ous number of entries in its truth-table. By 
the time 15 different propositions are intro- 
duced, the truth-table for the expression 
contains more than 32,000 entries. To add 
even one more new proposition would re- 
quire over 64,000 entries in the table for the 
expression. This is beyond the physical 
limitations of the computer used. 

The resolution of this problem proved, in 
principle though not in fact, to be sur- 
prisingly simple. All that we had to teach 
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the machine to do was to find what is 
termed the ‘disjunctive normal form’ of the 
complex proposition to be processed. Then, 
this result is negated and its disjunctive 
normal form is found (if the original expres- 
sion was not a self-contradiction). By the dis- 
junctive normal form of a given expression I 
mean an equivalent expression consisting of 
a group of conjunctions joined by inclusive 
‘or’s.’ The conventions adopted permit this 
normal form to be expressed using only let- 
ters of the alphabet to represent proposi- 
tions, a dash preceding a letter to represent 
the negation of a proposition, and the wedge 
(v), the conventional representation of in- 
clusive ‘or.’ Thus, the propositional form 
A ( BvC ) when processed by the machine 
will read AB v CA. The principles on which 
the logic program is based are: (1) the dis- 
junctive normal form of a contradiction will 
contain a series of disjuncts each of which 
contains a contradiction; (2) the denial of a 
tautology, or logically true statement, is a 
contradiction; and finally (3) it is always 
possible to find a disjunctive normal form 
equivalent to any expression in propositional 
logic. This includes not only single, complex 
statements but also arguments with premises 
and a conclusion. In this latter case the 
program will, in effect, determine whether 
arguments are valid or invalid. This will be 
accomplished by associating premises con- 
junctively and tying the group of premises to 
the conclusion with the ‘if,... then...’ rela- 
tion—so called ‘material implication.’ 

Using normal forms bypasses the physical 
limitation of truth-tables. It is now possible 
to check logical expressions containing 
hundreds of different propositions. Indeed, 
in a machine with an unlimited memory and 
with only minor modifications of such a logic 
program, it would be possible to process ex- 
pressions containing over 2 billion different 
propositions. 

Constructing a program to teach an ordi- 
nary digital computer to solve logical prob- 
lems of any degree of complexity whatever 
(limited only by the physical characteristics 
of the machine used) would be virtually 
impossible without subdividing the project 
into relatively small parts, i.e., subroutines. 
In the final logic program there may be as 





many as 2000 different instructions. To} that se 
write a single program with this number of Each | 
instructions would be as frustrating as it} first pc 
would be unnecessary. We have, therefore: g logic 
carefully dissected the processes involved in] frst er 
the logic program into a series of limited] that ai 
programs that can be checked independently sively 
of each other. numbe 
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Subroutines 


The subroutines that comprise the logie{ 
program are the following: 

1. The initial coding. The logical expres. 
sion is written initially in a close approxi- 
mation of ordinary propositional logic. This} sector 
includes suppression of the sign for con-| openin 
junction (&) and suppression of parentheses} tion of 
around conjunctions. It is not possible for] 3203; ( 
the programmed machine to process the ex-{ D at . 
pression in this form. The machine operates} period 
with binary arithmetic. It will, then, need to} at 3207 
determine how to code a given logical ex-} yses o1 
pression so that it will be possible for thel sector- 
machine to distinguish between a binaryf At this 
number representing a propositional variable} to cod 
and a binary number representing one of the} differei 
logical signs in the expression. It is also im logical 
portant at this time to establish a code that] for op 
will permit the machine to make any changef parent 
in the given expression that will be needed inj By sim 
order to establish the equivalent normal] sent ot 
form. The code representation at this point? the pri 
will thus be determined by the purpose of the} limited 
program and the nature of the machine inf practic 
volved. sectors 

The computer used in this study is called] these \ 
the LGP-30 and is manufactured by the} gram. 
Royal McBee Company. A_ distinctivel eontair 
feature of this machine is that the portion off propos 
the computer on which information is stored] ent ch; 
consists of a magnetic drum called _ its} js hard 
memory unit. This drum is divided into 64 mine e 
sections, called ‘tracks’; each track is divided! ean be 
into 64 sections called ‘sectors’; each sector] and its 
has 31 usable positions that can be either? eontrac 
electrically charged or not. There are, on this} achieve 
machine, 4096 (64 x 64) sectors that can bef 2, A 
set to contain a 31 position binary number sitiona! 
On any single operation, the only thing that] noted | 
the machine is capable of discriminating with} agreem 
respect to any one of the 4096 sectors is! at one 
whether the first position (from the left) al conven 
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that sector is or is not electrically charged. 
Each position on a sector is called a ‘bit’; the 
first position is called the ‘sign bit.’ In coding 
a logical expression, as we proceed from the 
first entry in the expression, every character 
that appears is coded on a separate, succes- 
sively higher numbered sector. Four decimal 
numbers are used to identify locations in 
memory. The first 2 (from the left) specify 
the track, the next 2 the sector. Thus the 
address 1847 is the address of the sector 47 
on track 18. If now we are coding the expres- 
sion: A(B vC)D. on, say, track 32, we place 
the binary representation of A at track 32 
sector 00; we place the representation of the 
opening parenthesis at 3201; the representa- 
tion of B at 3202; the representation of v at 
3203; C at 3204; closing parenthesis at 3205; 
D at 3206; and the representation of the 
period to indicate the end of the expression 
at 3207. The actual code employed at present 
uses only the first six bit positions on each 
sector—though this will be modified later. 
At this point, however, we have been content 
to code 16 alphabet letters to represent 
different propositions, their negations, the 


‘| logical signs for v, &, —, <>, and the signs 


for opening parenthesis, negated opening 
parenthesis, closing parenthesis and period. 
By simply using more bit positions to repre- 
sent other propositions we can easily modify 
the program to accommodate an almost un- 
limited number of different propositions. The 
practical difficulty is that there are only 4096 
sectors in the memory and almost half of 
these will be used in writing the logic pro- 
gram. Still, a statement in propositional logic 
containing, say, several hundred different 
propositions with a total of, say, 1500 differ- 
ent characters arranged in any possible way 
is hardly unimpressive. To be able to deter- 
mine entirely by machine operations what 
can be said logically about the expression 
and its simplest form if it is neither a self- 
contradiction nor a tautology is, I believe, an 
achievement of some magnitude. 

2. Ampersand addition. When the propo- 
sitional expression was initially coded, it was 
noted that ampersands, for ‘and,’ were, by 
agreement, suppressed. It now appears that 
at one point in the logic program it will be 
convenient to have ampersands not sup- 
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pressed, but, rather, contained in the expres- 
sion being processed. This is the case when 
negated groups are being eliminated. We 
now have the machine go through the expres- 
sion being processed and, wherever they 
have been suppressed, add ampersands. This 
task is somewhat more complicated than it 
seems at first glance. To add a single amper- 
sand to an expression requires that this sign 
be assigned an appropriate address. But this 
means that the address of every character 
following the added ampersand must be 
changed to an address that is one greater. 
Thus, in the propositional function previ- 
ously mentioned, the expression is located on 
the first through the eighth sector of track 
32: 


3200 A 
01 ( 
02 B 
03 Vv 
04 Cc 
05 ) 
06 D 
07 : 


When suppressed ampersands are added the 
expression will read: 


® 
"Pe AEB ee 


In the actual logic program, subroutines 1 
and 2 are performed by the machine in a 
single set of operations. This is accomplished 
by programming the machine to add an 
ampersand after every character unless the 
character is a V, (, —(,—, <9, or... 

3. Arrow removal. It is useful to be able 
to include a sign standing for logical implica- 
tion (If..., then...) in expressions to be 
processed by machine. The logic program is 
not capable of testing such expressions, how- 
ever. As a consequence, a subroutine has 
been constructed that will eliminate the 
arrow or horseshoe standing for implication 
by replacing the given expression with an 
equivalent one not containing such a sign. 
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The arrow, in propositional logic, is con- 
ventionally defined as meaning that the 
‘if-clause’ is false or the ‘then-clause’ is true. 
Le.: 


P>Q = —-PvQ 


Using the definition as its cue, the machine 
is taught, upon reaching and identifying an 
arrow, to replace it with the wedge and re- 
place its ‘if-clause’ with its negation. The 
program is designed to make a series of in- 
spections of the given expression until all 
arrows have been eliminated. 

4. Double-arrow removal. The double- 
arrow, standing for logical equivalence, is 
also a convenient sign to be able to process 
since it occurs with some frequency in 
propositional logic. This sign can be elimi- 
nated in a number of ways, using any of the 
following equivalences: 


PQ = (—P VQ) & (PV -Q) 
PQ = (P—-Q) & Q- P) 
PQ = -(P & -—Q) & —@ & —P) 


It will be noted that in each of these equiva- 
lences the number of terms in the right hand 
expression is one more than double the 
number on the left. Thus, the expression 
substituted for a double-arrow must be ex- 
panded if it is to be equivalent. This is not a 
particularly pressing problem when the given 
expression happens to contain just one 
double-arrow. However, serious theoretical 
problems arise when either side of the double- 
arrow happens to be complex and happens 
to contain a double-arrow. Thus, the follow- 
ing cases are troublesome: 


(1) (ASB) oC 
(2) 41> (BOC) 
(3) (A —@ B) Oo (CD) 


Because of the difficulties that arise in 
eliminating such cases, we have not as yet 
attempted to write the subroutine for 
double-arrow removal. We are, rather, plan- 
ning to wait until further developments in 
the logic program, as indicated briefly near 
the close of this paper, are worked out. 

5. Addition of parentheses around «’s 
inside of parentheses. During later sub- 
routines it was determined that some of the 
parentheses that have been suppressed 


around &’s are not superfluous. Thus, for 
example, in the expression: 


A&Bvc, 


it is understood that A and B are both the 
case or C is the case. However, in the expres. 
sion: 


~(A & BvC), 


understood to be the denial of the previous 
expression, the suppression of the parenthe- 
ses leads to a misinterpretation later in the 
program. The machine will process this by 
eliminating the negated opening parenthesis 
and, as explained below, will decide that the 
expression means: 

(-Av—-B & -C) 
But with this expression the machine would 
be unable to decide that there should be 
parentheses around the v and would, in fact, 
proceed as though there were none. Conse- 
quently, the printed result will be: 

—-Av-B-C 

The correct answer is: 

—C -Av-B-C 
It is, therefore, necessary to eliminate this 
source of machine error. This might be done 


in the negated parenthesis removal sub- { 
routine but would be inconvenient. And so, { 


a special subroutine has been constructed to 
add parentheses around «&’s that occur in- 
side of negated parentheses. This happens to 
be one of the more difficult programs since 
various special cases that come up require 
separate, special treatment. The program has 
been written, however, but has not been 
fully debugged. 

6. Negated parenthesis removal. This sub- 
routine is of particular importance in the 
logie program. It is a program through which 
every expression must eventually go unless it 
is self-contradictory at the outset. Fortu- 
nately, it is not difficult in principle to elimi- 
nate negated parentheses since the terms 
being negated as a group are simply them- 
selves denied, ampersands are changed to 
wedges, wedges are changed to ampersands, 
negated parentheses are unnegated, and un- 
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the resolution of the problem by machine is 
to be able to take complements of coded ex- 
pressions. The characters of an expression 
are coded in the first six bit positions on a 
sector. Each 6 bit character is a specified 
grouping of 1’s and 0’s from 00V000 to 
111111. The complement of each character is 
found by reversing all of its 1’s and 0’s. The 
characters representing propositions are so 
coded that the negation of the proposition is 
its complement. And, the code representa- 
tion of the wedge is the complement of that 
representing the ampersand; the code repre- 
sentation of a negated parenthesis is the 
complement of an unnegated parenthesis. 
To find, by machine, the complement of any 
> character, the character is simply subtracted 
from 6 ones in the first six bit positions. 
E.g., the code designation of A is: 


001110 


To find its complement, 
subtract it from 6 ones: 


111111 
001110 A 


110001 = —A 


The code designation of —( is 
101111 


L Its complement: 


111111 
-101111 


010000 


= 
( 


The practical difficulty in developing this 
program is similar to earlier problems that 
came up. The difficulty involves negated 
parentheses inside of negated parentheses. 
What is inside of such parentheses will not be 
complemented, though we must be prepared 
to resume complementing when we reach 
the closure of such parentheses. To do this 
- we construct devices called complement- 
counters and paren-counters. The comple- 
ment-counter is a storage sector that is set 
when the machine is to complement. Then, 
when a negated parenthesis inside a negated 
parenthesis is reached, the negated paren- 
thesis is complemented but the complement- 
counter is made to read do not complement. 
, At the same time a paren-counter is used to 
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keep track of the closures of opening paren- 
theses that are encountered. 

7. Elimination of unnecessary parens and 
ampersands. During the program for elimi- 
nating negated parentheses it is convenient 
to have ampersands in the expressions since 
they are complemented and turned into 
wedges. Wedges have been replaced with 
ampersands. And it is now possible for there 
to be parentheses around terms conjoined 
with ampersands. These are, however, as 
noted earlier, by convention, unnecessary. 
Since there is no longer any need for ampers- 
ands and such unnecessary parentheses, 
they are eliminated in this section of the 
logic program. The machine removal of 
ampersands is accomplished by going 
through the expression one character at a 
time and moving it to a different section of 
the memory drum without moving the 
ampersands. Whenever a parenthesis is met 
a quick check is made to see whether it is 
necessary or not. This is equivalent to 
determining whether the units within the 
parentheses are conjoined with a wedge or 
an ampersand. When there is a wedge, the 
parentheses are necessary and are moved 
with the rest of the formula. When there is 
an ampersand, the parentheses are left 
behind. 

8. Addition of necessary parentheses 
around v’s. During the negated parenthesis 
removal program, there may occur more than 
two propositions conjoined with ampersands 
within a single set of parentheses. In that 
event, the program would produce an ex- 
pression of the form: 


(AvBvC) 


This expression is not in the least objection- 
able since alternation is associative and com- 
munative and is, hence, not ambiguous in 
any grouping of its parts. However, later in 
the logic program, the parentheses remaining 
will be eliminated by applying a series of 
logical distributions. It would prove difficult 
and inconvenient to attempt to distribute an 
expression in which the same set of parenthe- 
ses enclose more than one wedge. For this 
reason we will now go through the logical 
expression and determine whether there are 
any cases in which more than one wedge is 
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enclosed by a single set of parentheses. 
Parentheses will be added in such cases 
whether or not that portion of the expression 
is going to require distributing. 

9. Preliminary search for contradictions. 
In order to test the accuracy of the actual 
logic program as operated by the machine, 
we need to check the answers given by 
solving some fairly complex problems by 
hand, outside of the machine. While per- 
forming such operations, it was noticed that 
a substantial number of operations could be 
eliminated whenever an expression of the 
following form turned up: 


.WA (BvC) -Av... 


That is, when propositional variables and 
their negations turned up between v’s but 
outside of any other parentheses, the whole 
expression between the v’s can be elimi- 
nated. It will, upon completion of processing, 
contain a series of contradictions anyway. 
During the subroutines that have been 
described to this point, one of the key 
machine operations has been to shift the 
given expression from one end of the machine 
to the other (exclusive of the tracks required 
for the program itself). In this way, charac- 
ters can be eliminated by not being shifted 
and openings can be provided to add charac- 
ters where necessary. As it happens, at this 
point, the first address of the given expres- 
sion is the smallest possible location on the 
machine (this happens to be track 32 sector 
00). In the distribution program that fol- 
lows, it is convenient to shift forward, i.e., 
to make required shifts by moving toward 
the beginning of the expression. Conse- 
quently, the expression to be processed 
should be at the highest possible address to 
insure greatest possible space for shifting. 


For this reason the expression will be shifted . 


from its present addresses to the other end 
of the machine. But in so shifting the ex- 
pression, it will be inspected to see if contra- 
dictions occur outside of parentheses but in- 
side of v’s that are not surrounded by paren- 
theses. The machine will stop such expres- 
sions from being shifted and go to the next 
free y. This same subroutine may be used 
after each of a specified number of distribu- 
tions since such contradictions may also 


emerge before all of the distributions are 
completed. 

10. The distribution of expressions con. 
taining parentheses. Ist Part. The expression 
in the machine at this point contains propo- 
sitional variables, v’s, and in some cases may 
contain parentheses around characters sur- 
rounding v’s. The expression will be in dis. 
junctive normal form as soon as all such 
parentheses are eliminated. The machine 
has been programmed to use a well-known 
distribution law to eliminate the remaining 
parentheses by substitution of an equivalent 
expression : 


For: A(B vC)D. 
May be substituted: DAB y CAD, 


In order to perform the distribution of an ex- 
pression the machine needs to learn the lo- 
cation of the Ist address of the expression, 
the location of the addresses of the Ist 
opening parenthesis and its closure, and the 
location of the character indicating the scope 


of the expression to be distributed. Thus, in j 


the following expression : 
AB(Cv D) Ev AC (BvD). 


the scope of the first distribution extends 
through the E preceding the wedge. The 
addresses of the first A, the first opening 
parenthesis, its closure and the wedge need 


to be determined in order to normalize the ? 


expression by distributing it. Upon locating 
these addresses, and performing the distribu- 
tion, the expression will be: 


EABC v DABE v AC (Bv D). 


In performing the distribution the address of 
the first character in the expression will be 
changed and its location stored in memory. 
Going through the expression a second time, 
the machine will come to a free v before en- 
countering an opening parenthesis. It will 
now code EABC in a second way to enable 
the processing to be completed. The first 
part of the distribution program determines 
whether distribution is required and if so 
this subroutine locates the four critical ad- 
dresses that are needed. 

11. Second part of distribution program. 
Distributing. Distributing logical expressions 
follows the pattern noted earlier. In the 
machine program it is convenient to consider 
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separately four possible patterns that may 
come up. These are: 


1.(A vB). 
2.(BvC) A. 
3. A(BVC). 
4. A(BvC)D. 


Characters may surround _ parentheses 
(Case 4); may appear only right of the closing 
parenthesis (Case 2); may appear only left 
of the opening parenthesis (Case 3); or may 
appear neither right nor left of the paren- 
theses (Case 1). Case 1 does not require dis- 
tribution, but does require elimination of 
parentheses before final processing. It is 
convenient to eliminate such parentheses at 
this point in the logic program. Cases 1 and 
2 are easiest for the machine to process since 
they do not require space(s) to be provided 
‘nside of’ the given expression. In both 
cases the addresses of the characters pre- 
ceding the closing parenthesis are shifted by 
adding one to each address. This eliminates 
the closing parenthesis. Then, in case 1, 
2 is added to the address of the first charac- 
ter in the formula and the machine returns to 
the first part of the distribution program to 
complete the processing. In case 2, the 
machine hold shifts! the contents of the 
addresses following the closing parenthesis 
and preceding the period (or next free wedge) 
to the address preceding the character fol- 
lowing the opening parenthesis. Following 
this, the address of the first character is relo- 
cated. Thus: 





Case 1 


1. (A v B). Given 


1.1 ((A Vv B. Shift right) 2.1 ((B vw CA. Shift 
1 address right 1 address 

12 Av B Change Ist 2.2 (AB w CA. Shift 
address characters from 

(to in front of 


expression 
2.3 AB vw CA Change 
Ist address 





In cases 3 and 4 the operations are somewhat 
more difficult since the interior of the expres- 
sion must be opened to permit inclusion of 


1JIn ‘hold shifting,’’ the contents of the ac- 
cumulator is placed in a specified address, but the 
accumulator remains unchanged. 
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the character(s) to the right of the opening 
parenthesis. In both cases, the addresses of 
the characters to the right of the opening 
parenthesis are incremented by one to elim- 
inate the opening parenthesis. Then the 
whole expression, up to the closing paren- 
thesis, is shifted to the left the number of 
characters to the right of the opening paren- 
thesis minus one and the initial. address 
is relocated. The characters preceding the 
opening parenthesis are hold shifted into the 
opening provided in front of and on top of 
the closing parenthesis. In case 3 the dis- 
tribution is now complete and the machine 
returns to the Ist part of the distribution 
program. In case 4 the characters that 
originally followed the now defunct closing 
parenthesis are hold shifted in front of the 
first character and the machine returns to the 
first part of the distribution program after 
relocating the first address of the formula. 
Thus: 








Case 3 


Case 4 





3. AB (C VD). Given 

3.1 AABC Vv D). Shift 
AB one address 
right. Relocate 
lst address 

3.2 ABC v DD). Shift 
from A to D one 
address left. Re- 
locate Ist address 

3.3 ABC v DAB. Place 


AB on (2nd) D). | 





4. AB(CWD)E. Given 

4.1 AABC v D)E. Shift 
AB one address 
right 


4.2 ABC vw DD)E. Shift 
A to D one ad- 
dress left 


4.3 ABCWDABE. Place 
AB on D). 


|44 EABC Ww DABE. 
| Shift Z in front of 
| A. Change initial 
| address to that of 
| shifted E 


| | | 


Tt 








Return to Ist part of distribution program. 


12. Second Coding Program. In the first 
part of the distribution program, the 
machine may encounter a period or free 
wedge before it meets an opening parenthe- 
sis. In this event, the expression preceding 
the free wedge or period consists of a single 
proposition or a group of propositions con- 
joined by (implicit) ampersands. In compli- 
cated distribution problems, a substantial 
number of conjunctions between free wedges 





AG A chaneinalihaibennenhannanaeipuaguninene eT TT ETT 


ar 


94 COMPUTERS IN BEHAVIORAL SCIENCE 


may emerge. These are called “normalized 
expressions.”” A normalized expression may 
contain a number of propositions repeated 
more than once. All such duplication is 
superfluous and the repeated proposition can 
be eliminated. Furthermore, the expression 
may contain a proposition and its negation. 
In this case, the whole expression is false and 
can be eliminated. The second coding routine 
is designed to eliminate all repetitions among 
the propositions in a normalized expression. 
It will also eliminate  self-contradictory 
normalized expressions. And, finally, it sets 
up the next phase of the logic program. 

13. Simplification and Print Out Program. 
When the original expression has _ been 
entirely normalized and put through the 
second coding routine, whatever remains 
after eliminating redundan¢ies and contra- 
dictions is simplified logically and the result 
printed out. Simplification is accomplished 
by eliminating normalized expressions that 
are identical to one that has already oc- 
curred and by eliminating normalized ex- 
pressions that are contained in others. 

We know that the original expression is 
not a self-contradiction if anything whatever 
is printed out. The original expression may be 
a tautology, however. In this event, the 
normal form of the denial of the expression 
printed out will be a self-contradiction. If 
this turns out to be the case, the first printed 
statement is the simplest form of the original 
and is a logical truth. Otherwise, the first 
printed statement is its simplest form but is 
not logically true. 

This concludes the logic program. Al- 
though the actual program has been designed 
for use on thespecific computer, the LGP-30, 
it is presumed that the program can be 
adapted for use on other machines. It may be 
difficult to so modify the actual program 
written for the LGP-30. It should not, how- 
ever, be difficult for an experienced program- 
mer to follow the steps outlined in this discus- 
sion in developing a logic program for other 
machines. 

It is now recognized that there are major 
difficulties associated with the present form 
of the logic program. These difficulties are 
reasonably well understood although they 
have not been resolved. They involve in- 


efficiency in programming and wasteful use 
of machine space. It is anticipated that 
future research will develop significant 
modifications of the present logic program, 
These will be reported later. 


(Manuscript received May 15, 1959) 


IPL-V: The Newell-Shaw-Simon Pro- 
gramming Language*, Bert F. 
Green, Jr., Lincoln Laboratory, Mass- 
achusetts Institute of Technology 


Information processing language, version 
5 (IPL-V), isthe fifth ina series of program- 
ming languages developed by Newell, Shaw, 
and Simon (1957), and Newell and Shaw 
(1957) to simplify programming very com- 
plex processes on digital computers, and is an 
outgrowth of the work of these authors in 
the computer simulation of cognitive 
processes. The language is designed to be 
interpreted by a special computer program 
that effectively turns the machine being used 
into an IPL computer with a flexible memory 
structure and with the capacity for executing 
recursive subroutines. Earlier versions of the 
language could be used only with RAND's 
Johnniae computer, but recently interpre- 
tive systems have been coded for the IBM 
650, 704, and 709 so that programs written 
in IPL-V can be executed on these machines.! 
In addition, the main features of IPL have 
been added to the FORTRAN language by 
Gerlernter, and have been the starting point 
for LISP, a list-processing language de- 
veloped by McCarthy and his co-workers at 
the M.I.T. Computation Center. 

Programming in IPL is relatively simple 
because a few instructions can accomplish a 


*The work reported in this paper was per- 
formed by Lincoln Laboratory, a center for re- 
search, operated by Massachusetts Institute of 
Technology with the joint support of the U. S. 
Army, Navy, and Air Force. 

1 Persons mainly responsible for coding the 
various interpreters are: 650, Nicholas N. Saber, 
University of Pittsburgh; 704, Edward Feigen- 
baum, Carnegie Institute of Technology, and 
George Mealy of Bell Telephone Laboratories; 
709, Bert F. Green, Jr. and Alice K. Wolf, M.I.T. 
Lincoln Laboratory. In addition, Fred Tonge 


of RAND coded earlier versions of IPL and had a ; 


major role in designing IPL-V. 
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lot of processing. Also, the hierarchical 
nature of the language leads naturally to 
puilding the program out of small pieces, 
each of which is a short IPL routine to do a 
specific job. Combining the smaller units 
into larger routines is simple because very 
little must be done to insure that the various 
routines communicate properly with each 
other. Special push-down storage lists make 
communication remarkably simple. Finally, 
debugging is aided immensely by trace, 
snapshot, and post-mortem routines that 
print information in the symbols used by the 
programmer, wherever possible. 


Properties of IPL lists 


The IPL system processes information by 
manipulating lists of symbols. Each item of 
information in the computer is represented 
by either a symbol or a list. More precisely, 
each item is represented by a symbol that 
may be either an elementary unit, or may 


be the name of a list of symbols. Each symbol 


on a list may likewise name further lists, so 
a single item may be represented by a 
hierarchy of lists, called a list structure. A 
bridge deal, for example, might be repre- 
sented as a main list with four sublists. Each 
sublist would be the list of cards in one 
player’s hand, while the main list would con- 
sist of the names of the four sublists. The 
order of the four symbols on the main list 
could indicate the order of bidding and play, 
eg., V, EF, S, W. Interchanging F and W on 
the list would then correspond with East and 
West exchanging hands. 

If the computer were programmed to play 


_ bridge, it would have to compute various 


characteristics of each hand, such as the 
number of cards in each suit, the Goren point 
count, the biddable suits, and perhaps others. 
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To store these quantities, a special attribute 
list would be associated with the standard 
list. The attribute list would contain a pair 
of symbols for each attribute: a symbol de- 
noting a particular attribute, e.g., Goren 
point count, followed by a symbol denoting 
the value of that attribute for the particular 
list being described, e.g., 14. In some cases 
the values of an attribute will be the name 
of a list of symbols, as in the case of the 
attribute ‘“‘biddable suits.”” The list structure 
representing a bridge deal now has one main 
list, four sublists, each with an attribute list, 
each of which in turn has at least one sublist. 
IPL can operate with these data at any level 
of detail: its unit may be a symbol, a sublist, 
an attribute list, a main list, or the entire 
list structure. 

Many kinds of non-numeric information 
are conveniently represented by list struc- 
tures. Thus an expression in algebra of the 
form ((X + e)d)(ax? + bx + c) might be 
represented by a list structure with sublists 
for each level of complexity in connectives, 
as follows (the numbers indicate sublists, the 
symbols + and - are used for plus and times, 
and lists are shown horizontally—one symbol 
per cell). In Figure 1, the main list shows 
that the expression is equal to sub-expression 
1 times sub-expression 2; sublist 2 shows that 
the second sub-expression is equal to sub- 
expression 4 plus sub-expression 5 + symbol 
c; etc. 

A different use for lists is encountered in 
self-modifying programs. To return to the 
bridge example, the program might initially 
have a large number of possible rules to use 
in selecting an opening lead. As the program 
played games, its experience in opening leads 
might be represented by a list of the good 
rules for finding opening leads. The list might 





Fra. 1. List Structure for Algebraic Expression. 
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Fia. 2. Inserting a Symbol on a List. 
Links are shown by arrows; the ¢ is a special list-termination symbol. S5 is inserted by changing 


the links as shown by the dotted lines. 


indicate priorities, with rules being moved up 
on the list when they are successful and 
being demoted when they lead to disaster. 
Of course, a very sophisticated machine 
would keep several priority lists of opening 
leads, with descriptions of the situations in 
which to use each. 

A major feature of IPL lists is that items 
can be added or deleted at any place on the 
list without disturbing anything else in the 
computer. The potential length of each list 
need not be specified in advance. Additions 
are made by using any available cell in the 
pool of cells not used by any other part of 
the system. The new cell is linked into the 
list by means of its address. Each cell con- 
tains two items of information—an IPL 
symbol and the location of the cell containing 
the next symbol on the list. Changing: the 
latter item, called the LINK, alters the 
position of cells on a list. A new symbol is 
inserted in a list by putting the symbol in an 
available cell, linking that cell to the cell it 
is to precede on the list, and changing the 
link of the cell it is to follow, as shown in 
Figure 2. Variable-length lists are useful in 
the bridge example, because the play of the 
game involves selecting and removing one 
card from each hand on each trick. When we 
contemplate programming a game like 
Canasta, where list lengths would be con- 
tinually changing, the advantages of vari- 
able-length lists become even more apparent. 


IPL processes and routines 


The IPL system includes over 100 built-in 
processes for manipulating symbols, lists, 
and list structures. Some examples of func- 
tions performed by these processes are: copy 
list a, erase list structure a, add symbol a at 
end of list b, test if symbol a matches symbol 
b, set c as the value of attribute a of list b, 
count the occurrences of symbol a on list b. 
In addition there are some input and output 


processes, and some special processes for 


dealing with numerical data. Most of the | 


processes are primitives—subroutines written 
in machine language. The remainder are 
short IPL routines which combine several 
primitives. The machine language primi- 
tives, together with the interpreter, form 
the link between the language of the IPL 
programs and the language of the computer. 
When a primitive is to be executed, control 
is transferred from the interpreter to the 
primitive, and the machine language takes 
over. When the primitive has been com- 
pleted, control is automatically transferred 
back to the interpreter. 

An IPL routine is a series of IPL instrue- 
tions for using various combinations of the 
built-in processes. There are only eight IPL 
instructions, six of which are used for setting 
up the inputs to the processes and storing 
the results of the process. The seventh is a 
conditional branch instruction, depending 


on the outcome of a process, and the eighth{ 
is the all-inclusive “‘execute”’ instruction, the { 
argument of which is the name of the process 


to be executed. IPL permits two stages of 
indirectness in the specification of the loca- 
tions involved in an instruction. Thus a 
symbol may be stored directly in the speci- 


fied cell, or indirectly in the cell named in’. 


the specified cell, or doubly indirectly in the 
cell named in the cell named in the specified 
cell. Indirectness is especially useful in 
IPL. For example, the name of the list to be 
processed is often unknown when the pro- 
gram is written, since the name is the result 
of some previous processing, and the pro- 
grammer knows only where the resulting 
name will be stored. 

The all-powerful ‘execute’ instruction is 
used not only to trigger the built-in processes 
but also to execute other IPL routines. In 


fact, IPL routines are generally built up out - 


mag 





of combinations of other IPL routines, and| 





the e1 
more 

lower 
highe1 
tions, 
unit : 
matte 
and ne 
it exe 
of sub 
result: 
called 
specia 
only t 
direct 
push- 
the h 
symb« 
mann 
cafete 
from 

from 

up all 


f and o 


comm: 
result, 
in wo 
ventic 
workii 
which 
all its 
comm 
there. 
anoth 
locati: 
forme 
preset 
hierar 
next, 
input: 
losing 
out | 
grami 

Rec 


~ of pus 


but tl 
recurs 
subro 
subro 
endles 
routin 
about 





zing 


the , 
ten 


[PL 


kes 
om- 


ruc: 
the } 
[PL 
ting 
ring 
is a 
ling 
hth 
the 
CESS 
3 of 
Ca- 
Ss a 
eci- 


oye" 


1 in’. 


the 
fied 

in 
» be 
oro- 
sult 
yr0- 
Ling 


n is 
sses 
In 





out 


and| 


COMPUTERS IN BEHAVIORAL SCIENCE 


the entire program may well involve ten or 
more levels of routines, each routine at a 
lower level being executed by a routine at a 
higher level. By following special conven- 
tions, every routine may be written as a 
unit so that it will operate correctly no 
matter where it is executed in the hierarchy 
and no matter how many lower level routines 
it executes. To keep track of the hierarchy 
of subroutine references and the intermediate 
results of current processes, IPL uses devices 
called push-down storage cells, which are 
special lists used by all processes. Normally 
only the first symbol on a push-down list is 
directly accessible. Storing a symbol in a 
push-down list means adding the symbol at 
the head of the list, thereby pushing each 
symbol on the list down a notch, in the 
manner of a well for stacking plates in a 
cafeteria. Conversely, obtaining a symbol 
from a push-down cell means removing it 
from the head of the list, thereby popping 
up all the symbols beneath it. The inputs 
and outputs of all routines are made in a 
communication push-down list, and all the 
results of intermediate processing are kept 
in working storage push-down lists. By con- 
vention, each routine ends by restoring the 
working storage lists to the condition in 
which it found them, and also insures that 
all its inputs have been removed from the 


> communication cell and its output placed 


there. At the same time, the IPL system uses 
another push-down list to keep track of the 
location of the next instruction to be per- 
formed in the routine that called for the 


present routine. This scheme insures that a- 


hierarchy of routines, each calling on the 
next, can be executed without getting the 
inputs and outputs mixed up, and without 
losing one’s place in the program, yet with- 
out taking special precautions in pro- 
gramming. 

Recursive routines. The main advantage 
of push-down lists is not their convenience, 
but the fact that they enable routines to be 
recursive, i.e., to execute themselves as 
subroutines. In normal computer practice, 
subroutines that refer to themselves form 
endless loops, since each entry to the sub- 
routine destroys the stored information 
about the location of the previous entry 
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point, as well as possibly destroying the 
previous inputs. In IPL, a subroutine can 
use itself as often as it wishes; all inter- 
mediate data and all entry points will be 
pushed down on the lists, and assuming that 
an end point is finally reached, the whole 
sequence will be unravelled properly. 
Recursive routines are the natural con- 
sequence of storing data in the form of list 
structures. Consider the problem of counting 
all occurrences of a given symbol in a given 
list structure. Starting with the main list, 
the plan will be to examine each symbol, in 
turn, on the list, and if the symbol matches 
the given symbol, to tally one; but if the 
symbol names a sublist, to execute the 
present program on the sublist. As another 
example, consider evaluating the algebraic 
expression given above, for specific values 
of the literal quantities. The program would 
examine the items on the main list, and 
would combine elements by the arithmetic 
process indicated by the connective, unless 
the elements named sublists, in which case 
the program would first execute itself on 
each sublist. Such a program would not care 
how many levels of sublists it found, i.e., 
how many recursions were necessary, pro- 
vided that it eventually reached a level at 
which there were no more sublists. Conse- 
quently, a recursive program is very general. 
The computer representation of IPL. How 
is an IPL program loaded and run on a 
computer? First, the IPL interpretive sys- 
tem must be loaded into the computer, in 
whatever is the standard manner for the 
computer in question, e.g., a binary tape is 
read into the 709. At this point, the com- 
puter contains the IPL loader, interpreter, 
and monitor, as well as the built-in proc- 
esses. These programs comprise the IPL 
system and occupy from 3000—6000 registers 
in computer storage. The rest of storage is 
“available space.’”’ When the system has 
been put into the computer, the IPL loader 
starts reading in instructions or data written 
in IPL and translating them into digitally- 
coded words which are then stored in avail- 
able space. When the program has been 
loaded, the loader transfers control to the 
interpreter, which proceeds to execute the 
program. Starting at the mstruction indi- 
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cated by the programmer, it gets the 
instruction from storage, decodes it, and 
executes it. Each instruction has a LINK 
to the next instruction, so the interpreter 
can proceed down the list of instructions in 
the routine. For debugging purposes, the 
interpreter can be monitored, either con- 
tinuously or selectively. A trace can be pro- 
duced, showing each instruction that was 
performed, together with the current symbol 
on the top of the communication push-down 
list. Also, at programmed points, the entire 
contents of the communication and working 
storage push-down lists can be examined by 
a snapshot routine. Finally, the program 
can be stopped and a post-mortem taken, 
which shows all lists in the computer. 


Uses of IPL 


The accomplishments of IPL to date are 
limited to the work of Newell, Shaw, Simon 
and their collaborators. They first pro- 
grammed the logic theorist—an IPL routine 
that could prove theorems in logical cal- 
culus. They have since elaborated the pro- 
gram so that it simulates in very great 
detail the way in which novices prove logic 
theorems. This work was aided by the con- 
struction of a General Problem Solver, a 
large IPL routine that forms the framework 
for a program to solve a large variety of 
problems. Current work includes a chess- 
playing program, further simulation of 
human. problem solving behavior, and 
further work with the general problem 
solver. E. Feigenbaum is working on a model 
of elementary perceiving and memorizing 
(EPAM) and J. Feldman has programmed 
a model of human performance in binary 
choice experiments. 

With IPL now generally available to 
behavioral scientists, we may expect an 
increase in its use to construct models of 
behavior. The successes of the RAND and 
Carnegie groups indicate that simulation 
experiments can be pursued very fruitfully. 
We can also be certain that new, unexpected 
ones for IPL will develop. 
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People, Places, Programs 


A new Machine Computation Committee 
of the American Institute of Chemical 
Engineers (AIChE) sponsors the publica- 
tion, in Chemical Engineering Progress, of 
abstracts of computer programs for mathe- 
matical techniques of interest to the chemical 
process industries. These include statistical 
programs dealing with regression analysis, 
non-linear estimation, curve fitting, curve 
plotting and response surface evaluation. 
In submitting programs, the author commits 
himself to prepare (for publication by the 
AIChE if of sufficient interest) a manual 
which includes a full description of the cal- 
culation method used, a logie diagram, and 
the detailed program itself for the particular 
computer involved. This manual is reviewed 
in the same way that literature articles are 
reviewed. In addition, the committee has 
the program run on the machine for which 
it has been prepared, to obtain an inde- 
pendent check-out. 

The AIChE Machine Computation Com- 
mittee has agreed to exchange information 


with Computers in Behavioral Science. Free 


copies of a 13 page booklet describing the 
procedure for submitting abstracts and 
manuals as well as for obtaining published 
manuals may be obtained from the AIChE, 
25 W. 45th Street, New York 36, New 
York. Readers interested in reviewing 
programs should write to: Mr. J. W. Kellett, 
Design Engineering Division, Esso Research 
and Engineering Co., P. O. Box 209, Madi- 
son, New Jersey, specifying in detail the 
type of computer(s) available and the types 
of programs they would be interested in 
reviewing. 

Biometrische Zeitschrift is a new quarterly 
for biometrics and biomathematics pub- 
lished by the Akademie-Verlag, Mohrenstr. 
39, Berlin W 8. Each issue will contain 


72 pages and the subscription price is D.M. | 
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36. (approx. $9.00). The journal is edited 
by Prof. Ottokar Heinisch (Leipzig) and 
Prof. Maria Pia Geppert (Bad Nauheim) 
and is also the official journal of the German 
section of the Biometric Society. 

IBM announces the Model 4 Type 650 
console unit featuring 4000 words of drum 
storage for $800 a month additional rent 
over the present 2000 word storage. Field 
conversion to Model 4 is possible. The new 
machine is completely compatible with the 
old one. 

ACT 1 is a compiler which translates 
from an algebraic language to the LGP-30 
machine language. Copies can be obtained 
from Royal McBee Corp., Data Processing 
Division, Port Chester, N. Y. 

A list of statistical programs available 
for the BENDIX G-15 D computer can be 
obtained from Bendix Computer Corp., 
5630 Arbor Vitae St., Los Angeles 45, Calif., 
or from local representatives. 

Dr. Raoul J. Freeman, of General Analysis 
Corporation, is developing a mathematical 
model which will lead to real estate assess- 
ment by an electronic computer program. 
Factors such as location, age, and type of 
property are among the many variables con- 
sidered in arriving at property valuations. 
The advantages of the system are ob- 
jectivity, economy, accuracy, speed, and 
documentation. Articles by Dr. Freeman 
on this subject can be found in the Appraisal 
Journal (April 1959), the Michigan Muniev- 
pal Review (June 1959), and the Journal of 
Land Economics (November 1959). 


COMPUTER PROGRAM ABSTRACTS 


Matrix Rearrangement Program for IBM 650, 
Donald Lamphiear and Steven G. Vandenberg, 
The University of Michigan (CPA 8) 

This program deletes any number of rows and 
columns and rearranges rows and columns of 
rectangular matrices (including square or sym- 
metric matrices) of up to 1685 cells under the 


~ control of one or more parameter cards per matrix. 


The largest dimension of the original matrix can- 
not exceed 100. The program is written for Uni- 
versity Board II (CPA 7) 

A more detailed form of this paper has been 
deposited as Document number 6109 with the ADI 
Auxiliary Publications Project, Photoduplication 
Service, Library of Congress, Washington 25, 


MI ( D.C. A copy may be secured by citing the docu- 


> 


ment number and by remitting $1.25 for photo- 
prints, or $1.25 for 35mm microfilm. Advance 
payment is required. Make checks or money orders 
payable to: Chief, Photoduplication Service, 
Library of Congress. 


Varimax and Quartimax Rotations on the IBM 
650, Steven G. Vandenberg, The University of 
Michigan, and Donald Lamphiear, Bendix Avia- 
tion Corp. (CPA 9) 

A matrix of factor loadings is rotated (within 
tolerance limits specified by control card) into 
orthogonal axes which satisfy one of the following 
criteria: 

a. Varimax criterion for normalized loadings 

b. Varimax criterion for original loadings 

c. Quartimax criterion for normalized loadings 

d. Quartimax criterion for original loadings 
(Normalization in (a) and (c) is across loadings 
for each variable to give all variables equal weight 
regardless of their communalities. After rotation 
the loadings are denormalized. ) 

This program equires index accumulators. 

The transformation matrix is also punched. 

The original matrix cannot exceed 953 elements. 
The number of elements plus the number of vari- 
ables cannot exceed 999 elements. 

Repetition with decreasing tolerance limits is 
optional. 

Use with University Board II (CPA 7). 

A more detailed form of this paper has been 
deposited as Document number 6108, with the 
ADI Auxiliary Publications Project, Photodupli- 
cation Service, Library of Congress, Washington 
25, D. C. A copy may be secured by citing the 
document number and by remitting $1.25 for 
photoprints, or $1.25 for 35mm microfilm. Advance 
payment is required. In addition, a SOAP list of 
the program may be obtained by ordering docu- 
ment number 6107 and remitting $3.75 for photo- 
prints, or $2.00 for 35mm microfilm. Make checks 
or money orders payable to: Chief, Photoduplica- 
tion Service, Library of Congress. 


_ IBM 650 Program to Arrange Factor Rotation Out- 


put in Tabular Form, Kathleen Goode and Steven 

G. Vandenberg, The University of Michigan 

(CPA 10) 

The output from Varimax, Quartimax or Obli- 
max rotation is punched out complete with labels 
ready for listing on the IBM 407 in tabular format. 

Use with University Board II (CPA 7). 

A more detailed form of this paper has been 
deposited as Document number 6129 with the ADI 
Auxiliary Publications Project, Photoduplication 
Service, Library of Congress, Washington 25, 
lD. C. A copy may be secured by citing the docu- 
ment number and by remitting $1.25 for photo- 
prints, or $1.25 for 35mm microfilm. Advance 
payment is required. Make checks or money orders 
payable to: Chief, Photoduplication Service, Li- 
brary of Congress. 
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A SWAC Regression Program Which Checks the 
Linearity of Regression by Epsilon, Edward 
Levonian, Univ. of Calif., Los Angeles CPA 11 
For up to 64 variables for 412 data points, this 

program computes the regressions of each variable 

on the independent variable by calculating 


| 2 —- nal (V-1) 


want): ey ; 
| 2 - v Ja-» 


where the independent variable is divided in k 
< 16 categories, with n, data points in category 
C. It also computes r. The program may be used 
for the variance ratio test of statistical significance 
in one way analysis of variance including the 
degenerate case of k = 2. A complete description 
of the program may be obtained from the Ameri- 
can Documentation Institute by ordering Docu- 
ment number 6111 from the ADI Auxiliary Pub- 
lications Project, Photoduplication Service, 
Library of Congress, Washington 25, D. C. after 
advance payment of $1.25 for photoprints, or 
$1.25 for 35 mm microfilm. Make checks or money 
orders payable to: Chief, Photoduplication Serv- 
ice, Library of Congress. 








Statistical Extensions for Runcible I for the Basic 
IBM 650, Staff, Computer Center and Siatistical 
Laboratory, Case Institute of Technology. CPA 12 
This program will compute mean, covariance, 

alpha 3, alpha 4, correlation coefficient, size, 
standard deviation, highest and lowest value, 
linear equation, multiple regression, correlation 
matrix, gamma function, fixed point and floating 
point random number, cumulative normal prob- 
ability, inverse cumulative normal and Poisson 
probability, cumulative Poisson probability, 
binomial and cumulative binomial probability, 
binomial coefficients, Chi square, ¢ test, F test, 
simultaneous linear equation solver and matrix 
inverter. A copy of the detailed description may be 
obtained from the Computer Center. 


*““QUAP-4’’, Questionnaire Analysis Program I 
for the IBM 709, John R. B. Whittlesey, UCLA 
Dept. of Psychiatry and Western Data Processing 
Center. Los Angeles, Calif. CPA 13 
This program tabulates and summarizes the 

results of questionnaires and surveys of the multi- 

ple-choice answer variety. Each questionnaire 
may have from 66 questions each with 100 possible 
choices up to 999 questions each with five or less 
choices. The questionnaire may be filled out by as 
many as 100,000 participants. Classification 
groups may be established and the results for the 
various classifications may be prepared separately, 
or as a composite group. Output is from magnetic 
tape onto the IBM-717 printer. There is a po- 
tential of 36 possible output formats, including 
formats for percentages of responses at each level, 


frequency counts, partial frequency counts, 
means and standard deviations, the Kolmogoroy. 
Smirnov and Chi Square tests between pairs of 
classification groups, and other standard statisti. 
cal measures. Header cards are used to control 
such factors as the number of questions, number 
of possible answers to each question, the arrange. 
ment of listings, and of comparison groupings,’ 
etc. Choice of analyses is made by putting a punch 
in the appropriate columns of the Header Card 
for each of the output formats desired. A detailed 
description of the program may be obtained by 
writing to the author. 


Minimal IBM 650 Program for the Oblimax Rota. 
tion to Simple Structure, Mary R. Nickles and 
Thomas A. Keenan, University of Rochester, 
CPA 14 
The Pinska and Saunders’ solution for rotation 

to oblique simple structure is based on maximizing 


La} 

K = —., 
(Zaz) 

where a, is a factor loading and the summations 


are made over the entire matrix. This results in 
maximization of the skewness of the distribution 


of factor loadings, so that the fewest possible ! 


loadings account for the major part of the variance 
for each factor. The following restrictions hold 


N <= 10 ns 100 
0.0000 S a; S 1.0000 


where N is the number of factors and n, which 
must be even, is the number of tests. To estimate 
time required one may use the following rule of 
thumb: 114 seconds per rotation per variable. 
Input and output under control of University 
Standard Board II (see CPA 7). A detailed de- 
scription of the program, as well as a punched 
ecard deck, may be obtained by writing to the 
Computing Center of the University of Rochester, 
Rochester, N. Y. 


An Intercorrelation Program for the Datatron 
202, Robert C. Nichols, Dept. of Psychology, 
Purdue University. CPA 15 
The program computes means, standard devia- 

tions and intercorrelations for up to 80 variables 

for an unlimited set of observations. Input can be 
either on cards or tape. There are three methods 
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of arranging data on cards, two of which allow 
more than 8 words per card for some data. Special 
equipment required: Automatic floating point 
and card input. Approximate time estimate: 
2(N + 7)(.5n + .015n?) seconds where WN is the 
number of observations and n is the number of 
variables. 

A detailed description and the program may be 
obtained from the author or by writing to the 


Purdue University Computing Laboratory for : 


General Routine R-19. 
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An IBM 650 Program for the Tetrachoric Correla- 
tion, Marilyn Charap and H. W. Garrison, Edu- 
cational Testing Service. CPA 16 
This program will compute tetrachoric correla- 

tions between a maximum of 100 variables for up 

to 9999 cases. There can be no missing data. The 
input consists of the plus responses to all variables 
and all pairs of variables. The accuracy of the cal- 
culations depends on the number of iterations. 

Typical running times have been 10 by 10 matrix, 

4 minutes; 41 by 41 matrix, 33 minutes; 50 by 50 

matrix, 48 minutes. The program requires no 

special equipment. The computational method 
was developed by L. R. Tucker. 

A complete listing of the program, wiring dia- 
gram, operating notes and details of the computa. 
tional method have been deposited with the 
American Documentation Institute as Document 
number 6130. Upon advance payment of $3.75 for 
photoprints or $2.00 for 35 mm microfilm, copies 
may be obtained from the ADI Auxiliary Publica- 
tion Project, Photoduplication Service, Library 
of Congress, Washington 25, D. C. Make checks 
payable to: Chief, Photoduplication Service, 
Library of Congress. 


A Chi Square Program for the IBM 650, Bernard 
A. Galler, The University of Michigan (CPA 17) 
This program accepts raw data from punched 

cards, accumulates cell frequencies and computes 

) chi-squares for two variables at a time. 

The sample size cannot exceed 999999 while M, 


etl 
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the number of categories in any variable cannot 
exceed 9. A final restriction is M*K (20 —k —1)< 
2700, where k is the number of dependent variables 
and v is the total number of variables. Punch out 
of the cell frequencies is optional. Use with Uni- 
versity Board II (CPA 7). 

A more detailed form of this paper has been 
deposited as Document number 6110 with the ADI 
Auxiliary Publications Project, Photoduplica- 
tion Service, Library of Congress, Washington 25, 
D. C. A copy may be secured by citing the docu- 
ment number and by remitting $1.25 for photo- 
prints, or $1.25 for 35mm microfilm. Advance 
payment is required. Make checks or money orders 
payable to: Chief, Photoduplication Service, Li- 
brary of Congress. 


F0031, A Program for the IBM 704 to Fit an Ex- 
ponential Curve, Paul A. Gillis, Westinghouse, 
Bettis Plant. (CPA 18) 
This program fits a set of up to 500 points to 

the curve 


y = Ae? +C 


by the least squares technique. The program is 
compatible with COFIT. 

A detailed deserption may be obtained from 
the American Documentation Institute Library 
of Congress, Washington 25 D. C. Order docu- 
ment 5926, enclosing $1.25 for a photoprint or 
$1.25 for a microfilm. 


If science wins, the world will prove to be one in which man is 
thrown entirely on his own resources, skill, and self-control, his 
courage and his strength, perhaps on his ability to be happy in 
adjusting himself to pitiless fact. If science fails, there is room for 
childlike hopes that unseen powers may come to the aid of human 
weakness. If science wins, the world is the necessary consequence 
of logically related facts, and man’s enterprise the playing of a 
game of chess against an opponent who never errs and never over- 
looks our errors. If science fails, the world resembles fairyland, and 
man’s enterprise no longer a test of skill and knowledge, but con- 


ditioned by the goodness of his will or the possibility of luck. 
Water T. Marvin, Quoted from JosEPH 
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ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY 


IMPLICATIONS 


Prepared by Members of the Staff of the Mental Health Research Institute 


KocHen, M. AnD GALANTER, E. H. The 
acquisition and utilization of infor- 
mation in problem solving and 
thinking. /nformation and Control, 
1958, 1, 267-288. 

The authors propose certain machine 
programs appropriate for finding regularities 
in binary series of events which they postu- 
late to be isomorphic with the strategies 
(or programs) actually used by human sub- 
jects in finding such regularities. Anexample 
of abinary series would be 010010100101 -- -. 
Two programs, one relying on extensive 
memory and test functions, the other on 
simple associations and similarities are pro- 
posed. The authors present data comparing 
the observed and calculated number of trials 
needed to discover regularities in periodic 
sequences. (JWG) 


GREENBERG, H. An analysis of traffic flow. 
Oper. Res., 1959, 7, 79-85. 

The behavior of a stream of cars in traffic 
may be likened to the flow of a continuous 
fluid. The equations of fluid dynamics may 
then be used to describe the traffic velocity 
as a function of vehicle density. The solution 
of the partial differential equations of classi- 
cal fluid dynamics yields the following 
equation for traffic velocity v in miles per 
hour as a function of traffic density k in 
vehicles per mile. 


v = cIn(k;/k) (1) 


where c is a constant and k; is the vehicle 
density for a traffic jam (v = 0). 

Alternatively it is possible to solve for the 
traffic flow in vehicles per hour, g, which is 
given by 


q = ck \n(k;/k) (2) 
This function will have a maximum value 
for kj/k = e which gives the optimum 
speed when u = c. This optimum speed 


102 


depends on the constant, c, which must be 
determined for each roadway. 

The equation (1) has been fitted to datg 
gathered in the Lincoln Tunnel and on the 
Merritt Parkway. The least-squares fits give 

c = 228 and k; = 17.2 for the Tunnel 
and 

ce = 215 and k; = 16.1 for the Parkway. 
The fit of the data to equation (1) is ex 
tremely good over the range of densities 
from 20 to 200 vehicles per mile that oe- 
curred during the test periods. 

The fluid dynamic analogy to traffic flow 
is valid as long as there is a continuous wave 


interaction between vehicles. This occurs 


whenever a driver’s speed and headway are 
controlled to a major extent by the other 
vehicles on the roadway. 

This analogy may also be used to study 
the wave motion of the traffic stream, al- 
though no applications are made to this in 
the present paper. (W/H) 


BratineE, M. D. 8. The ontogeny of certain 
logical operations: Piaget’s formulation 
examined by nonverbal methods. Psychol. 
Monogr., 1959, 73, No. 5, 1-48. 

This article concerns itself with Piaget’s 
theory and research of intelligence; it dis- 
cusses some of the criticisms which can be 
leveled against this research; and it reports 
on studies designed to avoid such criticism 
which were undertaken by the author. The 
main features of Piaget’s theory of intelli- 
gence are reviewed: i.e., his conception that 
the intellectual processes are isomorphic 
with the operations of bivalent logic, and 
his central postulate that ‘‘when the defini- 
tions of logical operations are inter- 
dependent, the intellectual processes iso- 
morphic to these operations develop in 
association”’ (e.g., there should be a genetic 


association between the processes of order + 


discrimination and the inferential response 
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A> B.B>C.>.A >C). The author also 
discusses Piaget’s meaning of the terms 
conjunction and disjunction. 

Piaget’s views of the development of 
length measurement and of concepts of 
order are singled out for study by the author. 
A critical survey of these studies is given. 
It is pointed out that Piaget’s techniques 
involve fairly complicated instructions to 
the subjects and hence require mastery of 
vocabulary over and above the mastery of 
the logical rules per se. Furthermore, in 
regard to the studies on length measure. 
ment, it is pointed out that Piaget’s tech- 
niques require measurement. skills which 
again are independent of mastery of the 
logical rules involved. The logical rule in 
regard to length measurement which the 
author concentrates on is the transitivity 
rule A > B.B > C.D .A > C. By non- 
verbal means of reinforcement, the subject 
was first taught the concept of “longer 
than,’”’ respectively ‘‘shorter than.” In 
phases 2 and 3 of the experiment, it was 
then ascertained whether this relation was 
transitive or not. By means of a clever 
experimental design, it was possible to 
study correctness of response resulting from 
perception vs from inference by logical rules 
and also to control for memory of the in- 
structions taught during phase 1. The find- 
» ings indicated that the ability to make the 
logical inference A > B.B>C.D.A>C 
is definitely related to age. Two tendencies 
emerged: one to apply the inferential rule; 
the other an attitude toward small differ- 
ences. The author speculates (and presents 
some findings to support such speculation) 
‘that the latter attitude may depend on the 
former operation rather than vice versa. In 
regard to the studies on the ordering opera- 
tion, the author discusses three relevant 
parameters: (1) the formal arrangement of 
the stimulus (linear, cyclic, ete.), (2) the 


~ 


ms 


=“ 


~ humber of objects to be ordered, and (3) 


the nature of the material ordered. The 
author points out that the latter two dimen- 
sions (not controlled by Piaget) have little 


per se. The author shows that under the age 
of 4 years-2 months the child has no concept 
of order. However, it is shown that the num- 
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to do with mastery of the order relation’ 
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ber of elements to be ordered has an effect 
on success of the operation with age, thus 
leading Piaget to formulate emergence of 
the operation in children later than in effect 
warranted by the ‘cleaner’ data obtained 
by the author. Finally, the experiments 
allow the author to state that Piaget’s 
basic postulate regarding the development- 
in-association of intellectual processes when 
the definitions of the isomorphic logical 
operations are interdependent is borne out 
by his data. A final section of the article 
contains a discussion of the relevance to 
Piaget’s theory of the findings from longi- 
tudinal studies of the development of 
intelligence as measured by intelligence 
tests. (JWG) 


GRIMSDALE, R. L., Sumnsr, F. H., Tunis, 
C. J. and Kiipurn, T. A system for the 
automatic recognition of patterns. Pro- 
ceedings of the Institution of Electrical 
Engineers, 1959, 106 (Part B), 210-221. 
This paper describes a method for the 

automatic recognition of spatial patterns 
that is designed to be flexible enough to 
identify, and thus to “perceive,” any form. 
A detailed description’ of the recognition 
logic is given, along with illustrations and 
examples of the discriminations made by 
the electronic computer (Manchester Mark 
I) that has been programmed for this work. 
The results presented treat the recognition 
of the subset of forms encountered in printed 
text, but without any limitations as to type 
font, upper or lower case, noise in the repro- 
duction, rotation, position, or size. Examples 
pictured in the text include correctly identi- 
fied representations of all of the above; in 
many instances the difficulty of identifica- 
tion, due to noise or distortion, appears great 
enough to give the human trouble. 

The pattern to be recognized is first pre- 
sented to a flying spot scanner that reduces 
the picture to a 40 x 64 black-white raster. 
Computer scanning then identifies ‘“‘groups”’ 
of connect black cell ‘“‘pattern points,” by 
means of subroutines that identify neigh- 
boring black points and overlaps between 
matrix rows. Noise and gap counts are 
computed for the entire matrix, and these 
computations are used to adjust the pro- 
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gram’s tolerance for small discontinuities. 
Edges are smoothed by means of averaging 
subroutines. Other subroutines compute 
lengths and angles of rotation, and reduce 
thick lines to thin. Tests of edge continuity 
and of curvature (differences and differences 
of differences are computed between edge 
points in successive rows) are made, and a 
group is assessed as completed when certain 
pre-set limits are exceeded. Successive 
groups are processed and characterized in 
this manner, until the entire figure has 
been completed. An assembly program now 
recombines these groups by means of match- 
ing sub-elements according to curvature 
and to slope, so that divisions between 
groups now fall at points such as those where 
curves change into straight lines, or lines 
meet or cross. Finally, a table of joins be- 
tween these groups, in which, for each 
group, a list of the position (right, middle or 
left), and direction (top or bottom) of each 
join is made. A search of the tables of pat- 
terns of previously analyzed forms is now 
made. When an unambiguous identification 
is achieved, the answer is printed out. When 
several different forms meet the tolerance 
requirements of the computer program, they 
are all printed, along with their angles of 
rotations and estimates of similarity. When 
no matching can be made, the form is identi- 
fied as unknown. If the experimenter wishes 
to “name”’ it for the computer, it can now 
be added to the computer’s list of forms. 
The original list is in fact made in this 
manner, the computer doing all of its own 
processing of the original standard array 
of characters to be identified. 

“A large range of patterns’ is success- 
fully identified by the computer on the 
basis of a library of standard patterns. 
Average time to identification is 60 seconds 
on the Mark I. It appears that the present 
system can be used to identify handwriting, 
with the expansion of the size of the identi- 
fication table (which at present can handle 
only eight elements). (LU) 


’ 


RusseE.., R. W. Brain, memory, learning: A 
neurologist’s view. Oxford: The Clarendon 
Press, 1959, Pp. XII + 140, 18s. 

In this brief exposition, the author applies 





his clinical experience with many kinds a nden 
head injuries to problems in the physiology | B vule 
of learning and memory. Concussions, tem. log x - 
poral lobe seizures, aphasias, and Korsakoff’s | formule 
syndrome are among the clinical entities measur 
used to derive theories of the functions of penden 
hippocampus and hypothalamic-frontal lobe | (Note: 
system. Further information relative to penden 
frontal lobe activities comes from surgical so expr’ 
and accidental trauma in this region. A com- ‘ure di 
parison of such trauma occurring in adults both m 
with similar ones occurring in childhood | scale.) 
suggests to the author a primary and very The 
early role of the frontal lobes in “setting” express 
emotional control of learning and of other the for 
behavior patterns. A chapter on the trau- the var 
matic amnesias supplies material on the types. 
relative vulnerabilities of old and new actual 
memories. Some other subjects briefly dis- number! 
cussed include: epilepsy, consciousness, identify 
pain, and the problem of attention. (HM) formuls 
= : ject to 

Lucg, R. D. On the possible psychophysical emul: 

laws. Psychol. Rev., 1959, 66, 81-95. lanefficie 

The author shows that the type of scale eee 
on which a pair of variables are measured ho giv 
imposes restrictions on the type of mathe- Reodue 
matical law which can connect the variables. i. as 
A seale type is defined by the group of Rtovens 
transformations which leave the associated sonless 
measurement theory invariant. For example, —— 
if the only measurement which can be ap- Pelatior 
plied to a set of objects is a simple ordering, in dex 
and if a number is assigned to each object, , 
then any monotone transformation on the 
set of numbers will preserve the order 
relation. If, however, measurement is done 
on an interval scale (as in temperature), 
then only linear transformations will pre- |’ 
serve the essential feature, namely, the | 
ratios of differences. 

Examining the groups of admissible 
transformations for each scale type, the 








author arrives at the restrictions imposed 
on the mathematical form of the laws which 
can connect the variables. In particular, if 
the independent and the dependent variables 
are both measured on ratio scales (where 
the zero point is fixed), the formula con- 
necting them can be only a power formula: 
u(r) = yx’. If the independent variable is 
measured on a ratio scale, and the de- 
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pendent variable on an interval scale, the 
formula must be logarithmic: u(x) = y 
log x + 8, etc. Moreover there can be no 
formula connecting an independent variable 
measured on an interval scale and the de- 
pendent one measured on a ratio scale. 
| (Note: physical laws in which the inde- 
pendent variable is ‘‘temperature” must be 
so expressed that this variable is a tempera- 
iure difference or else absolute temperature, 
| both measured on a ratio, not an interval 
scale. ) 

The author discusses also physical laws 
expressed by formulas which do not fit into 
the forms he prescribes for the cases where 
the variables are measured on specific scale 
types. He shows that in all such cases the 
actual variable is dimensionless, i.e., a pure 
number. Such a variable admits only the 
identify transformation and therefore the 
formulas connecting such variables are sub- 
ject to no restrictions. Indeed in all physical 
formulas one finds constants which serve as 
coefficients of variables and have units 
sreciprocal to those of the variables so as 
yo give dimensionless variables in the 
products. In such instances the laws may 
be of any form (note that probabilities, 
information measures, etc. are all dimen- 
sionless). The second exception obtains if 
the variables are discrete or if the functional 
relations are discontinuous, in which case 
- derived restrictions do not apply. (AR) 
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Santoso, R. SLAMET IMAN. The social con- 
‘ditions of psychotherapy in Indonesia. 
Amer. J. Psychiat., 1959, 115, 798-800. 
The author, a Javanese Western-trained 

psychiatrist, discusses the problem of apply- 

ing Western-oriented psychotherapeutic 
techniques to different ethnic groups in 

Indonesia. Difficulties arise in using lan- 

guages to which psychotherapeutic concepts 

are foreign and because of the ‘‘materialistic- 
organic”’ orientation of Indonesian medicine. 

Santoso’s description of loss of paternal 
authority as a cause of instability and 
neurosis has its counterpart in the attitudes 
of many about changing roles and identity 
in our own culture. Conflict about attitudes 
toward religion, the pressures of education, 
and the rapid upward mobility for the new 
intelligentsia are other unsettling factors 
in the culture. 

The author contrasts the problem of treat- 
ment of Javanese (i.e., necessity of under- 
standing the language thoroughly since 
certain syncretic elements are a reflection of 
the Javanese thought pattern) and that of 
treating the Minangkabauw (i.e., the neces- 
sity of understanding a matriarchal domestic 
system and its effects on the psychic de- 
velopment of the people). He concludes with 
an emphasis on an anthropologic orientation 
to psychotherapy. (JD) 


The impression is to the writer what experimentation is to the 
scientist, with this difference, however, that for the scientist the 
labor of the intellect precedes and for the artist it follows. 


The Maxims of Marcel Proust 
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Harold Garfinkel (‘‘The Rational Properties 
of Scientific and Common Sense Activities’’) 
is affiliated as associate research sociologist with 
the department of psychiatry, in the School of 
Medicine at UCLA. The recipient of a senior 
research fellowship from the National Institutes 
of Health, he is spending the current year as a 
research fellow in the department of social rela- 
tions at Harvard. He was awarded the fellowship 
for a five year program of studies on how normal, 
taken-for-granted interpersonal relations are 
established, maintained, altered, and _ restored 
in the activities of every day life. This program 
has involved research on how persons assign 
status to others; the socially controlled produc- 
tion of patient careers in a psychiatric outpatient 
clinic; decision making in common sense situa- 
tions of choice: and common sense activities, 
common sense knowledge, and the method of 
common sense thinking both as specific topics 
and as features of sociological inquiry. He states 
that he has been particularly influenced in his 
work by the writings of Talcott Parsons and of 
the late Alfred Schutz. The author of several 
articles, he received his M.A. degree from the 
University of North Carolina and his Ph.D. in 
Sociology from Harvard. 

Bert F. Green, Jr. (“IPL-V: The Newell- 
Shaw-Simon Programming Language’’) received 
his B.A. degree in mathematics from Yale and his 
M.A. and Ph.D. degrees in Psychology from 
Princeton. At present, he is leader of the psychol- 
ogy group at the Lincoln Laboratory of M.I.T., 
and is interested in research on the applications 
of digital computers to psychology, including 
pattern recognition and man-machine communi- 
cation. He writes that ‘“At Princeton, I had an 
Educational Testing Service psychometric fellow- 
ship and was primarily interested in psycho- 
metrics. Since getting my Ph.D., I have been at 
M.1.T., working on various aspects of man- 
machine cooperation. It was here I met and fell 
in love with digital computers, and have been 
advertising their benefits to psychologists ever 
since! In the summer of 1958, I participated in 
an SSRC-sponsored conference at the RAND 
Corporation on the simulation of human _ be- 
havior, and was converted to the Newell-Shaw- 
Simon programming system, as well as to their 
methods of studying human problem solving.” 
Among other publications, he is a co-author of 
a forthcoming article in the American Journal 





t 
level. H 
‘degrees | 
Irving 
| formance 
Exposur 
of Psychology entitled “The detection of statisti. |group | 
cally defined patterns in a matrix of dots.” up 3 
John W. Gyr (“An Investigation Into, and !feld situ 
Speculations About, the Formal Nature of q gtona_ 
Problem-Solving Process’) is associate research jtand if 
psychologist at the Mental Health Research 4 all.’ 
Institute of The University of Michigan, where | 9n proh 


‘he received his Ph.D. degree in social psychology, jn other 


He states that his present research interests con- eason ¢ 
cern ‘“‘the use of computers for the simulation of a group 
human problem solving. Psychologists now have gre imp 
the opportunity to take advantage of the fact showing 
that computers may be used to simulate (in a than 2 
formal sense) the human problem-solving proe- | Lorge is 
ess, once this process has been formulated in an Psychol 
appropriate mathematical language. The study Columb 
of complex behavior, involving the interaction, Josep 
over time of many parameters, and the exhaus- lhe Will 
tive tests of behavior models designed to Sciences 
understand such behavior, now becomes a possi- lished a 
bility.” He is co-author of a book entitled Teach- of inqui 
ing Comprehensive Medical Care, Harvard jnterests 
University Press, 1959, and the author of articles havior o 
which have appeared in Human Relations and jxiences 
Psychological Reports in the areas of decision  jjsts Do 
making, conflict, and philosophy of education. [he fort 
Paul W. Hagensick (‘‘Logic by Machine: observa 
Programming the LGP-30 to Solve Problems in eontrov 
Symbolic Logic’) is an assistant professor of for Adv 
philosophy at Ohio University. He writes that ,1958-59 
“Two years ago, I was contacted by Professor concern 
Lawrence Gallagher, a physicist, who had been of inqui 
considering how the LGP-30 might be pro-. Herb 
grammed to solve problems in svmbolic logic. We !Perform 
discussed this question at considerable length Previou 
and, having resolved the theoretical problems, tion, an 
began working out the actual programs. This from C 
paper is the product of this activity and repre- Stanfor« 
sents an intermediate stage in our researches. 
With funds granted by the Ohio University 
Research Committee, we plan to investigate the 
limits to which the computer program can be 
extended when considering other areas of sym- 
bolic logic.” In addition to this work, Professor 
Hagensick is cataloguing a library of nearly 1300 
books in the history of science from 1500 to the 
present that have been presented to Ohio Uni- 
versity; is undertaking research on various topics 
in the works of Galileo, particularly those con- | 
cerned with mechanics and the development of 
scientifie laws; and is preparing a text book in 
elementary logic for use at about the junior ’ 
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bevel. He received his B.A., M.A. and Ph.D. 
degrees from the University of Wisconsin. 

Irving Lorge (“Group and Individual Per- 
formance in Problem Solving Related to Previous 
Exposure to Problem, Level of Aspiration, and 
\Group Size’) comments: “In our studies of 

up and individual performance in actual 
‘feld situations, it was not unusual to see a person 
st on a beam and say, ‘Now this is the way to do 
itand if you don’t do it my way, we’ll not do it 
at all.’ This is perhaps the democratic effect 
‘gm problem-solving which we have discovered 
in other ways. We are not always certain that the 
jason a problem is not solved satisfactorily by 
/agroup is not due to the fact that some of them 
‘gre impeding the remainder of the group from 
showing its best sense.’’ The author of more 
than 200 publications in various fields, Dr. 
‘Lorge is the executive officer of the Institute of 
Psychological Research at Teachers College, 
Columbia University. 

Joseph J. Schwab (‘‘What Do Scientists Do?’’), 
ithe William Rainey Harper Professor of Natural 
Sciences at the University of Chicago, has pub- 
lished a number of papers on genetics, the nature 
of inquiry, and education. His present research 
interests center on patterns of inquiry and be- 
havior of inquirers in the biological and behavioral 


and jiences. He writes ‘“The paper, What Do Scien- 
sion ists Do?, is part of a long time study of inquiry. 
m. [he format and emphases of this paper arose from 
hine: observation of the methodological conflicts and 
1s in controversies among the Fellows at the Center 
r of for Advanced Study in the Behavioral Sciences, 
that 1958-59, with special interest in the dawning 
essor concern of academic psychologists for the quality 
been of inquiry, here called ‘validity.’ ” 

pro- Herbert Solomon (“Group and _ Individual 
. We \Performance in Problem Solving Related to 
ngth Previous Exposure to Problem, Level of Aspira- 
ems, tion, and Group Size’) received his M.A. degree 
This from Columbia and his Ph.D. degree from 
‘pre- Stanford University in 1950. Currently professor 
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and executive head of the department of sta- 
tistics at Stanford, he is interested in research 
on mathematical statistics and mathematical 
methods in the behavioral sciences. He is the 
author of various articles in such journals as 
Annals of Mathematical Statistics, Psychometrika, 
and Management Science. 

Hans H. Strupp (“Some Comments on the 
Future of Research in Psychotherapy”), a pre- 
vious contributor to Behavioral Science (January 
1958), is director of psychological services and 
associate professor of psychology in the depart- 
ment of psychiatry at the University of North 
Carolina. He received his Ph.D. degree from 
George Washington University in 1954 and a 
certificate in applied psychiatry for psycholo- 
gists in 1952 from the Washington School of 
Psychiatry. He is engaged in research in psycho- 
therapy, particularly concerned with the ques- 
tion: what is therapeutic in psychotherapy and 
how can we be sure that the ingredients to which 
we attribute therapeutic change are the real 
ones? He comments: “This paper reflects a very 
genuine puzzlement and concern about the future 
of research in psychotherapy. I would like to be- 
lieve that systematic research will extend the 
frontiers of knowledge in psychotherapy, but 
there are times when I entertain serious reserva- 
tions and doubts. I am inclined to believe that 
our research methodology lags far behind our 
clinical insights. Researchers in psychotherapy 
are still perceived as enemies by many psycho- 
therapists and the suspicion that the investigator 
(note the dual meaning of the term!) ultimately 
wants to hold up psychotherapy to ridicule is 
never far. I think this is a very unfortunate (if 
sometimes not totally unjustified) reaction. I, 
for one, am convinced that the insights which 
have come and will come from the psychoana- 
lytic method are our best hope. Our task is to 
give them a more solid empirical foundation. 
Can researchers and therapists become allies and 
perhaps even friends? Everyone might benefit!” 


Near Petionville, Haiti, is a supermarket named ‘“*The Minimax 
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The Natural History of Cerebral Palsy 


By BRONSON CROTHERS, M.D. and RICHMOND S. PAINE, M.D. The authors 
report on a large number of cases studied over a period of years, appraising the valid- 
ity of treatment given, and placing special emphasis upon the effect on growth and 
development of fixed lesions arising early in life. $6.75 


Psychological Appraisal of Children 
with Cerebral Defects 


By EDITH MEYER TAYLOR. A long-needed, practical guide that details specific 
processes of evaluation that have proved most useful, and places emphasis upon the 
intellectual and socio-emotional development of the child. Throughout the approach 
is person-oriented, rather than test-oriented. A Commonwealth Fund Book — $8.50 


Longitudinal Studies of Child Personality 


ABSTRACTS WITH INDEX 


By ALAN A. STONE, M.D. and GLORIA COCHRANE ONQUE, M.D. This thorough 
survey provides an analytical bibliography summarizing all important research 
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A crystallized tear 

From the eye of a deer— 
Bitten by a snake— 

Made people well. 

So who can foretell 

What cures placebos make? 


A CONTRIBUTION TO A HISTORY OF THE PLACEBO EFFECT 


by Arthur K. Shapiro’ 


New York University College of Medicine 


“Those who forget the past are destined 
always to repeat it.” 
Santayana 
INTRODUCTION 
NTEREST in the placebo effect has in- 
I creased considerably in recent years, 
more papers on the placebo having appeared 


| in the last four years (35 during 1954-1957 


than in all previous years (21 between 1900 
and 1954). (See Figure 1.) Indices, journals, 
texts, and abstract journals are increasingly 
including the word placebo in their list of 
references; the word placebo appears more 
frequently in the title of articles (Table 1); 
and it is becoming a commonplace in re- 
search, as it has been a commonplace in 
medicine for a much longer period of time. 
A placebo control is included in double blind 
studies which also are appearing more 
frequently in scientific literature. 

The sharp increase in ‘psychiatric 
interest in the placebo can be seen illustrated 
graphically in Figure 1, more articles on 
this subject having appeared in the last two 
years (9 during 1956-1957) than in all 
previous years combined (5 between 1900 
and 1956). These last two years have been 
the only years in which the number of 
“psychiatric” articles (9) has equaled the 
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1This paper was completed at the Massa- 
chusetts Mental Health Center, Boston Psycho- 
pathic Hospital, and Harvard Medical School. 

2 The term “psychiatric’’ refers to psychiatric 
and psychological articles or interest. The term 
‘non-psychiatric’’ refers to all other medical 
specialties and workers in areas such as phar- 
macology, physiology, etc. 


number of ‘non-psychiatric” articles (9). 
Many of these articles comment on the 
importance of studying the placebo effect. 
This increased interest is indicative of an 
important new trend in psychiatry, medi- 
cine, and the other sciences. 

This paper will be concerned primarily 
with historical considerations. Special em- 
phasis will be placed on the placebo and 
placebo effect in this history, and on the 
history of the use of the placebo and the 
development of the placebo effect concept. 
Some of the major contributions to an 
understanding of this concept will be noted 
and outlined. Some of the conclusions, 
implications, and questions stimulated by 
these historical considerations will be dis- 
cussed. 

The paper will not be concerned primarily 
with the use and ethics of placebos, with 
the evidence for the existence of the placebo 
effect, the magnitude of the placebo effect, 
or an analysis of the placebo effect. It will 
not be concerned primarily with the theories 
that have been advanced to explain the 
placebo effect, or theories which are sug- 
gested by the evidence. This will be re- 
ported elsewhere (Shapiro, a, b, c). 
MEDICAL (NON-PSYCHIATRIC) HISTORY 

AND THE PLACEBO EFFECT 

Let us begin with the ‘“‘non-psychiatrie”’ 
medical history. In the following section 
the ‘‘psychiatric” history will be presented. 

Sir William Osler (1905) felt that, ‘‘. . . the 
desire to take a medicine is one feature 
which distinguishes man, the animal, from 
his fellow creatures.”’ It is probable that 
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psy ‘aplenty psychologist, or non-psychiatrist and whether the word “placebo” appears in the title.* 


* Criteria for inclusion of papers in this list and references for the 


by the author upon request. 


yarious years will be supplied 


t Both articles with placebo in the title and written by psychiatrists but one appearing in a medical 


journal (Hofling, 1955) and the other in a psychological journal (Abramson et al. 


, 1955). 


tt Both articles with placebo in the title, one written by a psychiatrist and appearing in a medical 


journal (Fisher & Olin, 1956), the other written by 


a psychologist as principal author and a psychiatrist 


as second author and appearing in a psychologic: i] journal (Rosenthal & Frank, 1956). 


whatever beneficial effects accrued to man’s 
first medication could only have been due 
to the placebo effect (Modell, 1925; Rivers, 
1927). This may be defined at the present 
time as the psychological, physiological, or 
psychophysiological effect of any medica- 
tion or procedure given with therapeutic 
intent, which is independent of or mini- 
mally related to the pharmacological effect 


of the medication or to the specific effects 
of the procedure, and which operates through 
a psychological mechanism. Although the 
pharmacologic effect of a drug may have 
been deleterious or of little consequence to 
the organism, its effect could have been 
beneficial nevertheless. Indeed, this is the 
history of medical treatment for the most 
part until relatively recently, since almost 
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A CONTRIBUTION TO A HISTORY OF THE PLACEBO EFFECT 


TABLE I 


Tut NuMBER oF Papers INDEXED IN VARIOUS REFERENCES WITH THE WorD “PLACEBO” IN THE 
TitLeE, AcCORDING To YEAR AND WHETHER THE AUTHOR WaAs A “Non-Psycutatric” M.D. (M.D.) 
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all medications until recently were placebos 
(Houston, 1938; Pepper, 1945). 

Patients in ancient Egypt, according to 
the Ebers Papyrus, in 1500 B.C., were 
often treated with medication such as 
“lizard’s blood, crocodile dung, the teeth of 
swine, the hoof of an ass, putrid meat and 
fly specs” (Findley, 1953). No treatments of 
specific value are found in all the pages of 
Hippocrates (Houston, 1938). Despite this, 
and the continued prescription of the 
“flesh of vipers, the spermatic fluid of frogs, 
horns of deer, animal excretions, holy oil” 
(Leslie, 1954) and other bizarre substances, 
the physician continued to be a_ useful, 
respected and a highly honored member of 
society. 

The history of medical treatment concord- 
ant with scientific progress in general, is at 
the same time incredible (Castiglioni, 1946; 
Garrison, 1921; Haggard, 1929; Haggard, 
1933; Haggard, 1934; Goldwyn, 1958; 
Major, 1954; Major, 1955; Rapport and 
Wright, 1952; Rivers, 1927; Sigerist, 1958; 
Zilboorg, 1941). Four of the most famous 


medications that were used by physicians 
up to the 16th and at times during the 18th 
centuries were: the fabled unicorn’s horn 
to detect and protect against poisons in 
wines, bezoar stones as antidotes for poisons 
of all types, theriac as a universal antidote, 
and powdered Egyptian mummy to heal 
wounds and as an almost universal remedy. 
These medications were very expensive and 
only the wealthy could afford them. Uni- 
corn’s horn usually came from the ivory of 
the narwhal or elephant. Bezoar stones, 
according to legend, were a crystallized 
tear from the eye of a deer bitten by a 
snake. In reality, they were a concretion 
or gallstone found in the stomachs and 
intestines of animals such as the goat. 
Theriac dates back to the experiments of 
Mithradates and was used up to one hundred 
years ago. Although the main ingredient was 
the flesh of vipers, it contained 37 to 63 
ingredients, all of which were worthless, 
and which often required several months to 


coneoct. Several official conferences com- 
plained about the adulteration of the 
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powdered mummy from Egypt and the 
impurity of the unicorn’s horns. Powdered 
mummy presumably came from ground-up 
mummy in Egypt. Mattioli (an antidote 
containing 230 ingredients), usnea (the moss 
scraped from the skull of a hung criminal), 
crocodile dung, fly specs, eunuch fat were 
only a few of the more unpalatable drugs. 
Medical reasoning was primitive: the lungs 
of the fox were given to consumptives be- 
cause the fox was a long-winded animal; 
the fat of a bear, a hirsute animal, was 
given to those suffering from baldness. 
Despite the ignorance and superstition, the 
physician must have benefited his patient 
because he continued to be held in high 
esteem. 

Consider the treatment that Charles II 
endured by the physicians of his day: 
“A pint of blood was extracted from his 
right arm, and a half-pint from his left 
shoulder, followed by an emetic, two physics, 
and an enema comprising fifteen substances; 
the royal head was then shaved and a 
blister raised; then a sneezing powder, more 
emetics, and bleeding, soothing potions, a 
plaster of pitch and pigeon dung on his feet, 
potions containing ten different substances, 
chiefly herbs, finally forty drops of extract 
of human skull, and the application of 
bezoar stone; after which his majesty died.” 
(Van Dyke, 1947; for a more complete 
description, see Haggard, 1929). 

Astute observers of their time, such as 
Montaigne (1946) in the sixteenth century, 
observed that doctors, in general, were a 
danger to their patients. Earlier, in the 
twelfth century, Maimonides (1957), im- 
plied this in his statement, “I call him a 
perfect physician who judges it better to 
abstain from treatment rather than pre- 
scribe one which might perturb the course 
of the malady.”’ Moliere’s satires in the 
seventeenth century on the medicine of his 
time are well-known (Garrison, 1921). As 
late as the seventeenth century, a con- 
temporary of Moliere, Robert Boyle, the 
father of modern chemistry, after expunging 
many questionable remedies from the re- 
vised pharmacopoeia, included the sole of 
an old shoe “worn by some man that 
walked much” which was to be ground into 
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a powder and taken for stomach ache 
(Haggard, 1929). Oliver Wendell Holmes 
(1891) said as recently as 1860, that nearly 
all the drugs then in use should be thrown 
“...into the sea where it would be the 
better for mankind, and all the worse for 
the fishes.’ Despite this, 
continued to submit to purging, puking, 
cutting, cupping, blistering, bleeding, freez- 
ing, heating, sweating, and shocking. 

In 1794, Dr. Ranieri Gerbi, a professor 
at Pisa, published a manuscript describing 


a miraculous cure for toothache due to any ! 


cause which lasted for a whole year. A 
worm § species, called curculio antiodon- 
taligious, was crushed between the thumb and 
forefingers of the right hand. The fingers 
then touched the affected part. An _in- 
vestigatory commission found that 431 


of 629 toothaches were stopped immediately. | 


Later, Dr. Carradori, court physician at 
Weimar, advanced the discovery by sub- 
stituting a more pleasant ladybird, and an 
official commission confirmed the immediate 
relief of toothache in 65-70 per cent of cases. 
Soon thereafter, an English paper published 
the following prescription for toothache: 
“fill your mouth with milk and shake it 
until it becomes butter, in this way at least 
three out of four toothaches cease imme- 
diately and without fail.’’ (Volgyesi, 1954). 
This prescription, although pharmacologi- 
cally ineffective, was more palatable than 
Pliny’s prescription that a mouse be eaten 
once a month to prevent toothache 
(Haggard, 1934), or the use of urine as an 
analgesic mouthwash. 

Mistletoe was thought by the ancient 
druids to have curative virtues against 
St. Anthony’s fire (erysepelas), corns, frost- 
bite, muscular atrophy, apoplexy, infertility, 
chorea, and bubonic plague (Spectrum, 
1957, b). It was Galen’s drug of choice and 
thought to be a plant that grows on the oak 
and hence cannot fall, and naturally should 
be a specific for the falling sickness (Lennox, 
1957). In 1719, however, Colbatch (1719) 


found it as effective when grown on the ° 


lime tree. By the 17th century its powers 
had spread and it was thought to be effective 
against edema, impotence, leprosy, syphilis 
and other diseases. It was thought to be 
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effective against epilepsy from the 17th 
century and was used by Sir Charles Locock, 
physician to the queen, who thought epi- 
lepsy might be caused by crowded teeth, 
the practice of onanism, and by a hysterical 
form connected with the menstrual period 
(Lennox, 1957)—all of which are completely 
unrelated to the disease. 

A Dr. Raymond at the Salpetriere in 
Paris found 70 per cent of patients suffering 
from a variety of diseases, including tabes, 
were treated successfully by suspending them 
by their feet, causing the blood to flow into 
their heads. A collaborator of Bernheim at 
Nancy, a Dr. Haushalter, reversed the pro- 
cedure and suspended the patient’s head 
upwards and obtained a similar per cent 
success in a variety of organic and nervous 
diseases (Volgyesi, 1954). 

One could expand at considerable length 
on other such examples. Today we know 
that the effectiveness of these procedures 
and medications was due to the placebo 
effect, although little is known about how 
the placebo effect is effective. Let us con- 
tinue to explore the historical past in order 
to learn how not to repeat it. 


The placebo effect and the doctor-patient 
relationship 


Although medicine was integrally related 
to the finest scientific, religious, cultural, 
and ethical traditions in most periods of 
history, and despite the ephemeral and/or 
quite quantitative appearance of drugs or 
procedures which were truly helpful, one 
may ask how physicians maintained their 
position of honor and respect throughout 
history in the face of thousands of years of 
prescribing what we now know to be useless 
and often dangerous medications? Indeed, 
this would have been a major accomplish- 
ment of the physician were it not for the fact 
that despite the uselessness of the drugs 
and procedures, nevertheless, the physician 
truly helped the patient. It was not to the 
specific medications, however, that the 
patient responded, but to something inherent 
in the doctor-patient relationship.’ Findley 


‘ ” 


3 Another factor contributing to the ‘‘suecess 
of these physicians in the past must be considered. 
Spontaneous recoveries and remissions ‘‘can’’ 


(1953) asks, “‘... if it can fairly be said that 
scientific medicine began only seven or eight 
decades ago, what of those who practiced 
before? Were they ignorant, unscrupulous, 
fraudulent?” He goes on to say, “... that 
the physician is a vastly more important 
institution than the drug store,” and that 
even today, “‘Despite the scientific achieve- 
ments of this century the physician himself 
is still the most important therapeutic 
agent.’ According to Findley, the effective- 
ness of this placebo effect lies in the action, 
ritual, faith and enthusiasm on the part of 
both the doctor and patient. 

Houston (1938), in an early article, dis- 
cusses the doctor as a therapeutic agent, 
describing early medicine as a symbol re- 
lated to the placebo effect. He states that 
in the early history of medicine the relation- 
ship between doctor and patient comprised 
all that the doctor had to offer the patient. 
The medicines used were placebos, and, ‘“The 
great lesson, then, of medical history is that 
the placebo has always been the norm of 
medical practice, that it was only occasion- 
ally and at great intervals that anything 
really serviceable, such as the cure of scurvy 
by fresh fruits, was introduced into medical 
practice. .. . Their skill was a skill in dealing 
with the emotions of men. They themselves 
were the therapeutic agents by which cures 
were effected. Their therapeutic procedures, 
whether they were inert or whether they 
were dangerous, were placebos, symbols by 
which their patients’ faith and their own 
was sustained.’”’ He continues, “The history 
of medicine is a history of the dynamic power 
of the relationship between doctor and 
patient. Through centuries when doctors 
were doing more harm than good this dy- 
namic force has sustained the medical pro- 





occur in the course of almost any illness and 
“may’’ be unrelated to the administered drugs, 
doctor-patient relationships and placebo effects. 
It is very difficult, however, to isolate this factor 
because of the potential placebo effect in every 
therapeutic relationship. In addition, the belief 
of the physician and/or the patient that recovery 
is a consequence of some activity of the physician 
would tend to increase the effect of placebos in 
general. Although this factor must be postulated, 
it does not negate what is thought to be the more 
important influence of the doctor-patient relation- 
ship in the history of medical treatment. 
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fession in the esteem of their clientele, it 
has inspired their fellow citizens with such 
faith in its values that they were willing to 
give economic support to the doctor.” 
Houston relates the efficacy of the placebo 
to the faith of the doctor and patient in the 
medication, to the faith that the doctor is 
able to impart to the patient, and to the 
ameliorative effect of action which the 
doctor provides in some form. 

This view is reiterated by Modell (1955): 
“It would appear that this placebo action is 
the one constant in the long history of medi- 
cal practice. It is the one common denomina- 
tor, for instance, between the treatment of 
the Egyptian physician who, in the Papyrus 
Ebers, prescribed a draught of one-thirty- 
second part of Tail-of-Mouse with Honey, 
one third, for cooling the anus, and the 
treatment of the modern physician who 
prescribes penicillin for pneumonia. Placebo 
effect was present in the administrations of 
the first tribal witch doctor and is equally 
active today, since it is a component . . . not 
only of medication, but of every phase and 
kind of medical treatment.” 

The frequent reference to the importance 
of the ‘art of medicine” implies an under- 
standing of the placebo effect (Bromberg, 
1954; Bromberg, 1958; Hailman, 1953; 
Modell, 1955; Parsons, 1951; Pepper, 1945). 
Though none of the drugs listed by Hip- 
pocrates have proven to be of any useful- 
ness, his observation on the “art of medi- 
cine” implies an understanding of the 
placebo effect and his psychotherapeutic 
acumen was extremely pertinent (Block, 
1957). The famous admonition, loosely 
paraphrased, “You should treat as many 
patients as possible with the new drugs 
while they still have the power to heal,” 
implies a knowledgable appreciation of the 
placebo effect, a statement which has become 
so famous ‘that it has been attributed to 
Trousseau (Findley, 1953; Koteen, 1957; 
Spectrum, 1957, a), Osler (Wayne, 1956), 
Sydenham (Elkes, 1954) and Nolan D. C. 
Lewis (Sabshin, 1956). Another historical 
fact which implies an effect of the placebo 
has been noted by many authors (Bernheim, 
1889; Bromberg, 1954; Grinker, 1958; 
Horwitt, 1956; Janet, 1925; Sabshin and 
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Ramet, 1956). Findley (1953) says, ‘One 
drug after another has its little day of popu- 
larity, then sinks into oblivion. Sheaves of 
paper by well-intentioned authors testify 
to their usefulness, but they are quickly 
replaced by others. This familiar phenomena 
is perhaps the strongest argument for the 
ralidity of placebo therapy, for it means 
faith endows drugs or treatments with 
powers which they themselves do not pos- 
sess.” The importance of faith is reflected 
in the fact that one of the best educated, 
major religious groups in the United States 
is able to deny the rational efficacy of any 
treatment or medicine and to assign all 
treatment benefits to faith. Houston (1938) 
remarks on the many reminders of the his- 
torical past in the contemporary successful 
existence of the nostrum vendors, chiro- 
practors and myriads of other varieties of 
quackery. He also notes that no one con- 
siders applying the principles of osteopathy 
to animals, where it would certainly fail, 
because the principles are effective only 
when they involve a human interpersonal 
relationship, [although it is possible that 
animals are capable of ‘“‘placebo-like”’ reac- 
tions also (Gliedman, Gantt, & Teitelbaum, 
1957; Wolff, 1946)]. 

When one considers that the normative 
history of medical treatment, until relatively 
recently, has been the history of the placebo 
effect, one is amazed to find a veritable 
curtain of silence about it. Houston (1938) 
likens the pages of medical history to the 
log of an old-fashioned ocean voyage, in 
which it was noted that on such a day a 
whale spouted, or a flying fish was sighted, 
or a bit of driftwood seen, but in which no 
mention is made of the huge prevailing fact, 
that what was constantly seen, almost ex- 
clusively, was the unending green waste of 
water. This circumambient ocean is’ by 
analogy the placebo effect. 

The Countess of Chinchon is erroneously 
credited with introducing cinchoma bark, 
which contains quinine, as a treatment for 
febrile infections in 1638. Sydenham, by 
demonstrating that it was specific only for 
fever of malarial origin, contributed to the 
end of Galenism and the beginning of scien- 
tific medicine (Garrison, 1925; Haggard, 
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1934; Major, 1954; Major, 1955; Pepper, 
1945). It may be considered that this was 
the first drug that was not a placebo (Find- 
ley, 1953; Houston, 1938; Pepper, 1945) 
because previous to this there was no way 
to distinguish a placebo from a non-placebo 
(Pepper, 1945). But even after this period, 
and even after the beginning of scientific 
medicine which began seven or eight decades 
ago, (Findley, 1953; Rivers, 1927; Van Dyke, 
1947), one cannot escape noticing the con- 
tinued resistance to the use of the word 
“placebo”’, or the concept underlying the 
word, in medical parlance, dictionaries, and 
texts. This is illustrated in the paper by 
Pepper (1945), which is of interest in that it 
was the first paper devoted exclusively 
to the placebo, with the word ‘‘placebo” 
in the title. 


History of the word “placebo” 


Pepper (1945) eloquently traces the his- 
tory of the word “placebo” (see also 
Webster’s, 1940, and the Oxford, 1933, Dic- 
tionaries). It is the first person singular of 
the future indicative of the Latin verb ‘‘to 
please’; the word ‘placebo’ itself being 
equivalent to the phrase ‘I shall please.” 
The first use of the word dates back to at 
least the thirteenth century. It appears in 
the Vespers for the Dead in the Roman 
Catholic service, the 114th Psalm, in the 
Vulgate, beginning, “Placebo Domino in 
regione vivorum....’’ It was used in the 
sense of “I will walk before...” or “I will 
please... .”’ It is then found in phrases sug- 
gesting svchophancy and servility, and as 
a noun meaning a flatterer, sychophant or 
parasite. It was used by Chaucer in both 
senses, and a character of this type is given 
Placebo as a proper name. Sir Walter Scott 
used it in'the sense of a soothing sentiment. 
It is defined as ‘ta commonplace method of 
medicine” in the 1787 edition of Quincy’s 
Lexicon and in the Philadelphia Medical 
Dictionary published in 1808 by John 
Redman Coxe. Pepper points out that this 
definition may illustrate the earliest stage 
of doubt concerning the efficacy of preserip- 
tions of those days, and an approach to the 
frank admission of a quarter of a century 
later which appeared in the 1811 edition of 


Hooper’s Medical Dictionary with the defini- 
tion of the placebo as “an epithet given to 
any medicine adopted more to please than 
to benefit the patient.” 

Thus the placebo appears in medical 
terminology five hundred years after it was 
first used in other ways. Let us not be too 
surprised at this belated appearance, because 
despite the placebo being freely prescribed 
during the nineteenth and twentieth cen- 
turies, the word placebo did not appear in 
the index of H. C. Wood’s Therapeutics 
whose fourteen editions covered the period 
from 1875 to 1908, and because, as we shall 
see later, the resistance to and silence about 
this important therapeutic agent continues 
into the more recent history of the placebo. 


Placebo effect before 1900 


Difficulties are encountered when review- 
ing the literature prior to 1900. This litera- 
ture is massive and the indexing is inade- 
quate. The terms placebo and placebo effect 
were hardly used prior to 1900. This review, 
therefore, cannot be extensive or exhaustive. 

There are, however, many indications 
that physicians and others of the past (even 
from earliest times) were cognizant of 
“placebo-like” phenomena, although this 
was not referred to as the placebo effect, 
exhaustively studied or extensively written 
about. Certainly the full implications of this 
phenomena were not appreciated. 

The observations of Maimonides, Mon- 
taigne, Moliere, and Trousseau have been 
mentioned previously. 

Pierre Pomponazzi, an Italian philosopher, 
uttered these words in the 16th century: 
“We can easily conceive the marvelous 
effects which confidence and imagination 
can produce....The cures attributed to 
the influence of certain relics, are the effect 
of this imagination and confidence. Quacks 
and philosophers know that if the bones of 
any skeleton were put in place of the saint’s 
bones, the sick would none the less experi- 
ence beneficial effects if they believed that 
they were near veritable relics.” (Tuke, 
1886). 

Paracelsus commented in the fifteenth 
century: “Whether the object of your faith 
be real or false, you will nevertheless obtain 
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the same effects. Thus, if I believe in St. 
Peter’s statue as I would have believed in 
St. Peter himself, I will obtain the same 
effects that I would have obtained from 
St. Peter;—but that is superstition. Faith, 
however, produces miracles and whether it 
be a true or a false faith, it will always pro- 
duce the same wonders.” (Charpingnon, 
1864). 

It should be noted, however, that these 
observations are directed not to medical 
practice, but to religious faith and mysticism 
as treatment. To Paracelsus’ credit belongs 
his vitriolic opposition to the polypharmacy 
of his day, the observation that medicine 
killed and that nature heals. He, however, 
espoused his own brand of occultism and 
clung to his own placebo medication, e.g., 
sympathetic powder, which cured the in- 
juries of a wounded person when applied to 
the blood-stained garments (Garrison, 1921). 
Paré was notable for his contributing to the 
abandonment of many venerable beliefs, 
e.g., Egyptian mummy, unicorn horn, 
bezoar stones and boiling oil for cauteriza- 
tion of wounds. He substituted his own 
placebo for the latter eventually with a 
concoction consisting of earthworms steeped 
in turpentine and oil of puppies and lillies 
(Garrison, 1921). 

Oliver Wendell Holmes (1891) first pre- 
sented his very interesting lecture on 
Homeopathy and its Kindred Delusions in 
1842. Although his main concern is with a 
criticism of homeopathy, he discusses the 
Royal cure of the King’s Evil, the Weapon 
Ointment, Sympathetic Powder, the Tar- 
water panacea of Bishop Berkeley and 
Perkins’ Metallic Tractors. He asseverates 
how patients can benefit ‘‘through the influ- 
ence exerted upon their imaginations,” and 
how they, “all display in superfluous abun- 
dance the boundless credulity and excitability 
of mankind upon subjects connected with 
medicine.”” He examines these phenomena in 
order to illustrate the ease with which 
numerous facts are accumulated to prove the 
most fanciful and senseless extravagances, 
and the inefficiency and incompetency of 
persons without medical knowledge despite 
wisdom, honesty, and accomplishment. He 
is cognizant of the role of spontaneous remis- 


sion in the natural course of disease, citing a 
figure of 90 per cent recovery in patients 
seen in general practice, “‘provided nothing 
were done to interfere with the efforts of 
nature.” He is familiar with elemental 
probability theory and mentions several 
primitive attempts at controlled studies. 

Although Holmes does relegate the ma- 
jority of drugs then in use to the bottom of 
the sea, for the most part, he addresses 
himself to the abuses of the past and those 
at the periphery of medicine, and not to 
the mainstream of medical practice of his 
day. However, there are some implications 
that he does address himself to the medical 
practice of his day indirectly and by analogy. 
This is implied to some extent in the article 
and especially in the preface to the article. 

Although many authors in the past (as 
today) have given some indication that they 
were cognizant of ‘“‘placebo-like’”’ effects 
(the degree of sensitivity varying consider- 
ably), it is striking how this was no guarantee 
against them becoming subject to a belief in 
a placebo of their own. 

This is dramatically illustrated by the 
cogent observation of Quimby in 1859, who 
said, ‘But through a great many mistakes, 
and the prescription of a great many useless 
drugs, I was led to re-examine the question, 
and came in the end to the position I now 
hold: the cure does not depend upon any 
drug, but simply upon the patient’s belief 
in the doctor or the medicine.” (Janet, 
1925). P. P. Quimby was the immediate 
predecessor of Mary Baker Eddy and 
Christian Science. 

Paré believed in the puppy ointment and 
Paracelsus espoused occultism. Trousseau, 
who was able to say ‘“‘You should treat as 
many patients as possible with the new 
drugs while they have the power to heal,” 
was able to claim diseases (such as neuralgia, 
nervous dyspnoea, angina pectoris and 
rheumatism) to be cured, modified and 
rapidly checked by the use of magnets 
“which it is impossible to refer to the pa- 
tient’s imagination” (Trousseau, 1833). 

William Osler was a therapeutic nihilist 
who battled the irrational polypharmacy of 
his day. When discussing ‘‘Psychical meth- 
ods of cure, in which faith in something is 
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suggested to the patient,’ (Osler, 1892), he 
approvingly quotes Galen as saying, “he 
cures most in whom most are confident,” 
and Paracelsus encouraging his patients ‘‘to 
have a good faith, a strong imagination, and 
they shall find the effects.”” He continues, 
“Faith in the gods or in the saints cures one, 
faith in little pills another, hypnotic sugges- 
tion a third, faith in a plain common doctor 
a fourth. ... Faith in us, faith in our drugs 
and methods, is the great stock in trade of 
the profession .. . the touchstone of success 
in medicine ...and must be considered in 
discussing the foundation of therapeutics 
...a most precious commodity, without 
which we should be very badly off.’ He 
points out that doctors. do not enjoy a 
“monopoly in the faith business,”’ and that, 
“While we doctors often overlook or are 
ignorant of our own faith-cures, we are just 
a wee bit too sensitive about those per- 
formed outside our ranks.” Despite the 
latter, Osler used cupping, leeching and 
venesection (and other doubtful medicinal 
substances) in the treatment of pneumonia, 
stating, “a timely venesection may save 
life...relieving the pain and dyspnoea, 
reducing the temperature, and allaying the 
cerebral symptoms” (Osler, 1892). 

It is appropriate to remember the wise 
words of Janet (1925): “It is only too easy to 
make fun of stories of miraculous cure. Not 
merely are sceptics prone to use this weapon 
of ridicule, but the faithful do the same 
thing. The devotees of a religion are strongly 
inclined to attack kindred superstitions. 
Nothing will persuade the adepts of Lourdes 
that the miracles worked at the shrine of 
Aesculapius were genuine. Who could induce 
the admirers of animal magnetism to take 
a serious view of such miracles as those of 
Lourdes: Each one attacks his neighbour, 
and is quite unaware that his criticisms 
rebound upon himself.” 


Placebo effect from 1900 to 1945 


Very few articles were written on the 


- placebo between 1900 and 1945. It is diffi- 


cult to trace such articles because the topic 
has never been indexed in the Index of the 
Surgeon General’s Library, and not in the 
Quarterly Cumulative Index Medicus prior 
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to 1945, or in the Current List of Medical 
Literature prior to 1946. (Table 1) One 
would have to scour mountains of literature 
to completely cover the literature during 
this period. This literature was covered, 
insofar as it could be, by tracing each refer- 
ence to its source that came to the author’s 
attention, and by reviewing subjects such as 
the doctor-patient relationship, therapeutics, 
faith cures, and suggestibility. Several 
articles were found which discussed the 
placebo and placebo effect and which char- 
acteristically did not have the word placebo 
in the title. 

Cabot (1906) discusses the ethics of the 
“Nostrum Evil” referring to the placebo as 
quackery. In the same year, Fantus (1906), 
in his text on pharmacy and prescription 
writing, briefly mentions the positive indica- 
tions for the use of placebos. 

Rivers (1908) studied The Influence of 
Alcohol and other drugs on Fatigue in which 
he used inert material, not referred to as a 
placebo, as a control. The latter was de- 
signed to taste and appear indistinguishable 
from the experimental drug. The subjects, 
or when the experimenter was a subject, 
had no knowledge of the substances they 
were receiving. It is one of the earliest 
anticipations of the double blind procedure. 
Many methodological variables are con- 
sidered. It represents a very early under- 
standing of (and greater sophistication than 
many contemporary investigators about) 
some of the powerful effects of the placebo 
in experimentation. It is interesting that no 
statistical analysis was made of the exten- 
sive data, because as recently as 1908 this 
methodological tool was unavailable. Rivers’ 
(1927) erudition and_ prescience again. 
appears in his posthumous Medicine, Magic 
and Religion, which was written for the most 
part prior to 1920. He says, “‘The action of 
suggestion can never be excluded in any 
form of medical treatment, whether it be 
explicitly designed to act upon the mind or 
whether ostensibly it is purely physical in 
character....If we confine our attention 
to our own culture, it is only within the 
last fifty or sixty years that there has been 
any clear recognition of the vast importance 
of the mental factor in the production and 
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treatment of disease, and even now this 
knowledge is far from being fully recognized 
either by the medical profession or the laity. 
... Though remedies acting through the 
mind were probably the earliest to be em- 
ployed by Man, the knowledge that the 
remedies act in this way is one of the most 
recent acquirements of medicine. ... Few 
can now be found who will deny that the 
success which attended the complex pre- 
scriptions, and most of the dietetic remedies 
of the last generation, was due mainly, if not 
entirely, to the play of faith and suggestion. 
The salient feature of the medicine of today 
is that these psychical factors are no longer 
allowed to play their part unwittingly, but 
are themselves becoming the subject of 
study, so that the present age is seeing the 
growth of a rational system of psycho- 
therapeutics.” 

Ayman (1930) discusses the concept of 
the placebo without mentioning the word 
in a splendid paper in which he evaluates 
the therapeutic results in 35 papers on 
essential hypertension. He found that in 
every paper complete or partial sympto- 
matic relief was described. Up to 85 per cent 
reduction in blood pressure was reported. 
Mistletoe, diathermy, watermelon extract, 
and Nauheim baths were some of the 
therapeutic agents listed. Ayman treated 
forty patients with drops of dilute HCl 
t.id. and 82 per cent showed definite im- 
provement. Many minor and some major 
side effects were reported. Ayman believed 
that the common element was the enthu- 
siastic giving or doing of something to the 
patient. 

Much of the material in the very fine 
article by Houston (1938) has been men- 
tioned previously. In addition, the word 
“placebo” is used extensively, and some of 
the factors involved in the placebo effect are 
discussed. Fantus (1938) expands in greater 
detail on his previous statement in 1906. He 
again advises candor and_ psychotherapy 
where possible, but briefly discusses the 
situations in which placebos are indicated— 
patients with low intelligence and imaginary 
illnesses. He decries the use of expensive 
placebos and the widespread use of medica- 
tion such as vitamins that are prescribed in 
the spirit of the placebo. 


No other articles have come to the 
author’s attention prior to 1945 except for 
those by psychiatrists which will be dis- 
cussed later. 

As can be seen from Figure 1, prior to 
1952, there was less than one article on the 
placebo effect per year. Despite the demon- 
stration by Ayman as early as 1930 that 
studies on hypotensive agents were subject 
to the placebo effect, the vast majority of 
articles and most research, even up to the 
present day, is conceived, executed, and 
reported without adequate controls, indi- 
cating a failure to appreciate the powerful 
effects of the placebo. Some of the variables 
in research on hypotensive agents have been 
pointed out in recent articles by Schapiro, 
Myers, Reiser, and Ferris (1954) and 
Schapiro (1955). During the last twenty 
years, not only has the literature on the 
placebo effect been surprisingly meager, 
but the principles that follow such under- 
standing have not been absorbed into the 
mainstream of medical research and_ prac- 
tice (Hailman, 1953). The placebo is not 
indexed or discussed in LaWall’s Four 
Thousand Years of Pharmacy (1927) or, as 
pointed out by Pepper, in modern books on 
treatment. An issue of the Memphis Medical 
Journal (1941) is devoted to an evaluation 
of drugs, which included ten articles on the 
use and abuse of catharties, vitamins, hor- 
mones and other drugs. The word “placebo” 
is not mentioned though some of the con- 
cepts implicit in an understanding of the 
placebo effect are discussed. 

In 1938 one hundred million dollars was 
spent by the American public for vitamin 
preparations. The total amount spent on 
medical care in the same year was approxi- 
mately one billion dollars (Sanford, 1941). 
Thus, approximately 10 per cent of the 
nation’s medical expenses was spent for 
vitamins, which are so often prescribed both 
knowingly and unknowingly for their 
placebo effect (J.A.W.A., 1959). Dunlap, 
Henderson, and Inch (1952) analyzed over 
17,000 prescriptions of physicians from 
representative areas in Great Britain for a 
one month period. Approximately one third 
were considered to be in the placebo cate- 
gory. The British Medical Journal (1952) 
editorialized that, “...a bottle of medicine 
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A CONTRIBUTION TO A HisToRY OF THE PLACEBO EFFECT 


is given as a placebo in about 40 per cent” 
of the patients seen in general practice, a 
figure that is close to Cabot’s (1906) esti- 
mate of 44 per cent of the prescriptions filled 
by Boston Back Bay drug stores. 

Recently the influence of size, color, and 
taste on the effectiveness of placebos has 
been discussed, although it should be remem- 
bered, that ‘“‘What constitutes a good placebo 
cannot be specifically stated, because what 
may be good for one patient may not be so 
for another even though he has a similar 
condition” (J.A.M.A., 1955). 

Leslie (1954) discusses the influence of 
color on the effectiveness of placebos, 
advising red, yellow, or brown rather than 
blue or green which are associated with 
“poisonous or external-use-only liquids.” 
The use of red coloring agents, such as alka- 
line aromatic solution, has long been stand- 
ard prescription practice, and _ officially 
sanctioned by the United States Pharma- 
copoeia and the National Formulary. He 
feels that size is also important, tiny and 
oversize tablets and capsules being much 
more impressive than average sized ones, 
“".. the tiny ones suggesting great strength 
and the jumbo ones impressing by its heroic 
size.”’ The more a tablet resembles aspirin 
the less effective the psychological effect. 
It is probable that prescribing nine or eleven 
drops rather than the usual ten would add to 
the effectiveness of the placebo effect. Taste 
has always been important. The aromatic 
elixir (Wolff, 1946), the compound tincture 
of gentian (Dubois, 1946; Findley, 1953; 
Leslie, 1954; Wolff, 1946), and asofetida 
were standard bitter placebo medications 
used in the past. A more contemporary bitter 
solution can be prepared with a 0.1 per cent 
solution of sodium dehydrocholate. Wolff 
(1946) finds the ammoniated tincture of 
valerian to be a very efficacious placebo 
because of “the riot of tastes and smells in 
the preparation.” It may be pointed out that 
the simple lactose tablet has fallen into dis- 
use because it can be easily recognized and 
because it can be tasted and the prescription 
easily read and interpreted. How much more 
effective is a strange-tasting drug with a 
complicated and esoteric appellation? 

The gastro-intestinal tract, from one end 
to the other, has been especially prone to 
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exploitation by the placebo. It would be 
superfluous at this time to name the hun- 
dreds: of placebo medications that have 
been used and continue to be used in the 
treatment of dyspepsia, gastric distress, 
irritable bowel, bulemia, constipation, and 
even for conditions such as peptic ulcer. 
Purgatives and enemas were known and 
used prior to Hippocrates. Louis XIII was 
so enthusiastic about their + efulness that 
he prescribed them for his hunting dogs. 
Voltaire advised young men to secure a 
wife who could give an enema pleasantly 
and quickly (Seager, 1941). When one con- 
siders the limited advantages and probable 
harmful consequences of emptying the 
intestinal tract, such as, dehydration, ex- 
haustion, discomfort, loss of nutrition, dis- 
turbance of sleep and even possibly death 
(the mortality from appendectomy being 
10 per cent greater if a purgative is taken 
prior to operation), it is difficult to under- 
stand the continued use of these substances 
(Campbell, 1941). Advertisements for co- 
lonic irrigations are seen frequently in most 
daily newspapers. The expenditure for pro- 
prietary drugs of this sort must reach 
millions of dollars. 

The odor of tincture of benzoin makes the 
inhalation of steam so much more acceptable 
to patients. The effectiveness of placebos 
on allergic rhinitis, hay fever, and other 
nasal conditions is well-known. Headaches 
respond flagrantly to placebo medication. 
The effectiveness of Epsom salts used in wet 
dressings for inflamed areas is not due to 
the magnesium sulfate which is the active 
ingredient, because this has no_ specific 
cutaneous effect. This is also true of the 
methyl salicylate used in numerous prepa- 
rations for sore muscles. Both are effective 
by virtue of their placebo effect (Leslie, 1954; 
Hyman, 1946). 

The so-called tonics in medicine are 
notorious placebos. The most active part of 
the tincture of condurango, a bitter tonic 
and stomachic, and the fluid extract of 
cimicifuga nigra, a tonic and antispasmodic, 
is in their impressive names. Tonics of more 
recent vintage are the elixir of iron, quinine 
and strychnine (Findley, 1953; Gold, 1946). 
Some of the most widely used drugs today 
are prescribed both knowingly and = un- 
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knowingly for their tonic or placebo action. 
Those drugs that are given in inappropriate 
circumstances or inadequate dosages can be 
designated as placebo medication. These 
would include all tonics and most of the 
vitamin, liver, hormone preparations and a 


~ host of proprietary medications, drugs which 


stimulate and sedate the patient, control 
and stimulate appetite, the many combina- 
tions of drugs with opposing action (the 
‘if-in-doubt”’ medication) which have re- 
cently appeared, and even many potent 
drugs. 


Placebo effect since 1945 


The placebo effect is not a phenomenon 
limited to the past. Dubois (1946) points 
out that, “You cannot write a prescription 
without the element of the placebo. A prayer 
to Jupiter starts the prescription, and it 
carries the weight of two or three thousand 
years of medicine” (Findley, 1953; Houston, 
1938; Gold, 1946; Lancet, 1954; Leslie, 
1954; Modell, 1955; Whitehorn, 1958; 
Wolff, 1946). The prescription is written by 
the doctor, and although the Latin of the 
past is disappearing, the polysyllabic names 
remain. It is then taken to special stores to 
be filled by specially trained men and is 
frequently expensive. Any treatment proce- 
dure, including all medication, even potent 
and pharmacologically effective medicines, 
have potential placebo effects inherent 
within them (Dubois, 1946; Findley, 1953; 
Houston, 1938; Gold, 1946; Hyman, 1946; 
Lancet, 1954; Leslie, 1954; Modell, 1955; 
Pepper, 1945; Rivers, 1927; Whitehorn, 
1958; Wolff, 1946). 

Let us trace the further development. of 
the word itself. 

Dubois (1946) lists three classes of 
placebo. The first is the pure placebo, such 
as lactose, which has no possible intrinsic 
action. The second is the impure or adulter- 
ated placebo which contains some active 
ingredient but which has no effect on the 
patient’s disease. The third is not a placebo 
itself but is the psychotherapeutic element, 
inseparable from any medication. 

Gold (1946, 1954) (who was either respon- 
sible for or one of the earliest to use the term 
“blind-test” for what later became the 


“double blind procedure,” and who has been 
a major influence in bringing the placebo to 
the attention of the medical profession) and 
Clark (1946) view the placebo as a chemical 
device for psychotherapy. 

Gaddum (1954) feels that the placebo is 
defined as a medicine given more to please 
than to benefit the patient, and as such, is 
given to have an effect. He proposed the use 
of the ‘‘dummy tablet” instead, as a form of 
treatment which is intended to have no 
effect, which does not aid therapeutic sug- 
gestion or work through a_ psychological 
mechanism. Beecher (1956 a) differs with 
Gaddum, feeling that although the word 
lacks precision it is adequate. Gaddum’s 
idea has not been absorbed into the litera- 
ture to any extent. 

Leslie (1954) widens the definition: “A 
placebo is a medicine or preparation which 
has no inherent pertinent pharmacologic 
activity but which is effective only by virtue 
of the factor of suggestion attendant upon 
its administration. The substance may be 
ingested, injected, inserted, inhaled or 
applied.”’ Leslie thus adds preparations that 
are applied to the list of placebos. He also 
offers a mechanism, suggestion, as part. of 
his definition. 

Beecher summarizes the purposes and 
uses of placebos, “...as a psychological 
instrument in the therapy of certain ail- 
ments arising out of mental illness, as a 
resource of the harassed doctor in dealing 
with the neurotic patient, to determine the 
true effect of drugs apart from suggestion in 
experimental work, as a device for elimina- 
tion of bias not only on the part of the pa- 
tient but also, when used as an unknown, of 
the observer, and finally, as a tool of im- 
portance in the study of the mechanism of 
drug action.” 

Findley (1953), quoting Houston, divides 
placebos into three types: 1. The type of 
drug which the physician knows to be inert, 
but which the patient believes to be potent. 
2. Both the patient and the physician believe 
the drug to be potent, but which is really 
inert. 3. The patient and the physician both 
believe a drug to be helpful but which is 
actually harmful. Findley’s concern is with 
the failure of some physicians to recognize 
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A CONTRIBUTION TO A HISTORY OF THE PLACEBO EFFECT 


that they are prescribing placebos, and with 
the harmful effects which may result. 
Despite the aforementioned, the usual 
definition of the placebo, though with some 
variation, is similar to that appearing in 
Dorland’s American Illustrated Dictionary 
(1951), where it is defined: “An inactive 
substance or preparation formerly given to 
please or gratify a patient, now also used in 
controlled studies to determine the efficacy 
of drugs” (Blackeston’s, 1956; Oxford, 1933; 
Shorter Oxford, 1944; Skinner, 1949; 
Webster’s, 1956). This definition is interest- 
ing in that it harbors a projective mech- 
anism. Patients are not pleased or gratified 
by the taking of placebos. It is the doctor 
who invests the giving of placebos and those 
patients responding to placebos with a 
variety of feelings which involve guilt and/or 
hostility, and which are then projected onto 
the patient and rationalized as the patient 
being pleased or gratified. An improved 
definition of the placebo appears in English 
and English (1958): ‘‘A preparation con- 
taining no medicine (or no medicine related 


, to the complaint) and administered to cause 


the patient to believe he is receiving treat- 
ment.’’ However, this definition is inade- 
quate also because it fails to mention that 
anything offered with therapeutic intent 
may be a placebo, whether it be given with 
or without the conscious (or unconscious) 
knowledge of the doctor or therapist. 

Although the placebo is old in history, its 
use in controlled studies is new and appears 
frequently in contemporary definitions (Brit. 
Med. J., 1952; Dorland, 1951; J.A.M.A., 
1955; Skinner, 1949). 

Beecher, Wolf and Lasagna are of con- 
siderable importance to the history of the 
placebo effect. Beecher (1952; 1955; 1956 a; 
1956 b; 1957; Beecher, Keats, _Mosteller, 
& Lasagna, 1953) believes the effectiveness 
of placebos to be related to the degree of 
stress or anxiety, the placebo modifying the 
subjective response to an original sensation 
or by effecting the reaction component of 


{ stress. Wolf's (1950) classic experiments 


with “Tom” which demonstrated how 
placebos could reverse the pharmacologic 
action of drugs and cause end organ changes 
Was an early experimental stimulus to the 
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study of the placebo effect. He showed how 
placebos could cause extensive ‘‘toxic” 
reactions (Wolf and Pinsky, 1954), and 
experimentally explored other attributes of 
placebos (Abbot, Mark, & Wolf, 1952; 
Hagans, Doering, Ashley, & Wolf, 1957; 
Wolf, Doering, Clark, & Hagans, 1957). 
Lasagna has contributed important papers 
(Beecher et al., 1953; Lasagna, Mosteller, 
von Felsinger, & Beecher, 1954; von Fel- 
singer, Lasagna, & Beecher, 1955; Lasagna, 
1956). 

The increased interest in the placebo 
effect is evident from the data in Figure 1 
and Table 1. Articles on the placebo effect 
have even begun to appear in commercial 
pharmaceutical journals (Physician’s Bull., 
1955a, 1955b; Spectrum, 1957a). Methodo- 
logical problems (and the placebo effect 
indirectly) are explored with increasing 
frequency in medical journals. Books now 
contain full chapters on the placebo (Modell, 
1955; Hollander, 1958). 


The belated interest in the placebo effect 


Many authors have commented on the 
surprising belated interest in the placebo 
effect. Its potency, widespread use, and 
therapeutic potentialities have not been 
acknowledged until recently. Study of its 
underlying mechanism and dynamics have 
begun to appear relatively late in the history 
of medicine. 

Houston (1938) wonders how the placebo 
effect, which is so omnipresent, could have 
escaped scientific notice for so long a period 


-of time. Pepper (1945) points to the resist- 


ance against recognition of the placebo 
effect that has existed throughout the ages, 
including the period up to 1945. Dubois 
(1946) states, ‘‘...the study of the placebo 
is the most important step to be taken in 
scientific therapy.” He continues, “.. . al- 
though placebos are scarcely mentioned in 
the literature, they are administered more 
than any other group of drugs... that 
although few doctors admit that they give 
placebos, there is a placebo ingredient in 
practically every prescription ...that the 
placebo is a potent agent and its actions can 
resemble almost any drug,” Findley (1953) 
states that the placebo is the most important 
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therapeutic weapon in the hands of even 
the modern physician. Leslie (1954) is sur- 
prised, “‘...that in the light of their im- 
portance and everyday use placebos have 
until so recently been all but neglected in 
medical curricula and writings.” Lasagna 
(1956) says, “Considering how profound an 
effect placebos have ...it is surprising how 
little study has been given to idcatifying the 
characteristics of placebo reactors.”” Wayne 
(1956) comments on the little interest that 
has been taken on the action of placebos. 
Lancet (1954) editorialized, ‘Our prede- 
cessors paid little attention to such a lowly 
menial, and published references to it were 
few. But the spread of scientific methods to 
the study of materia medica has led to a 
remarkable improvement in the status of . . . 
the placebo which until recently ... has 
never been regarded as quite respectable.” 

The situation has changed since 1952 as 
can be noted from Figure 1. More than seven 
articles on the placebo have appeared each 
year since 1953. The word “placebo’’ itself 
appears more frequently in articles on the 
placebo effect specifically, and in titles of 
articles of all types (Table 1). 


Factors responsible for the belated interest 
in the placebo effect 


There are several possible factors for the 
belated interest in the placebo effect. 

The first possibility is that there is a pre- 
conscious (or unconscious) perception of the 
placebo effect which is not verbalized or 
acknowledged because its revelation would 
be anxiety provoking or threatening. This is 
based on the premise that a consideration 
of the placebo effect has long been obvious 
and overdue. The energy required for this 
suppression (or repression) is derived from 
anxiety related to loss of self esteem and 
guilt. Placebos are often given to demanding 
and difficult patients, when the physician is 
frustrated personally and_ professionally, 
when the physician’s knowledge, or medical 
knowledge in general, is inadequate to the 
presenting problem, when the doctor-patient 
relationship is deteriorating, when the 
physician is in a hostile, punitive or disdain- 
ful frame of mind, when too busy to do any- 
thing else and when there is nothing else to 
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do because of failure to respond to the usual 
therapeutic attempts. Physicians often pre- 
scribe with the full knowledge, or at least the 
suspicion, that these substances are placebos, 
although communicating to the patient, by 
omission, or commission, that these inert 
substances are active. The resultant defen- 
siveness and feelings of guilt would add to 
the difficulty of discussing the placebo with 
equanimity and carry over to the placebo 
effect also (Clyne, 1953; Hofling, 1955; 
Whitehorn, 1958). It may be threatening for 
some to give up therapeutic methods, 
abilities or beliefs which required many 
years to develop and acquire. Others may be 
threatened by a real or imagined loss of 
self esteem and prestige among colleagues 
and in the community and by the threat of 
uncertainty or loss of magical powers. 
[Parsons (1951) speaks of the latter in 
positive terms. He believes that ‘optimistic 
biases” are very general and fundamental in 
human social organization, and are respon- 
sible for the pseudo belief in the efficacy of 
measures, and the magical beliefs and prac- 
tices that cluster about situations wherein 
there is an important uncertainty factor and 
strong emotional interests in the force of 
action.| 

Another factor may be lack of knowledge 
or rigidity in thinking. If there is no under- 
standing that there is a phenomenon such as 
the placebo effect, and that all medication 
has a placebo effect in part, the concept 
cannot be considered. The consequences are 
as harmful today as they were in medicine 
prior to the seventeenth century when it 
was not known that the effectiveness of 
almost all medication was due to the placebo 
effect. A third possibility is an understanding 
of the placebo effect but a belief that it is 
unimportant or inadvisable to discuss it. 
We cannot accept this possibility as plau- 
sible, the purpose of this paper being to indi- 
cate the converse proposition. The last two 
factors may be a consequence of the first 
factor, i.e., the threatening nature of the 
material making it possible for lack of 


knowledge, the rigidity in thinking, a belief 
in the unimportance of and the inadvis- 
ability of discussing the placebo. 
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A ConTRIBUTION TO A History OF THE PLACEBO EFrFrectT 


Factors responsible for the recent interest in 
the placebo effect 


How can we account for the recent in- 
creased interest in the placebo effect? 
Scientific knowledge has continued to in- 
crease geometrically. This increase in know]l- 
edge includes an understanding of the 
placebo effect. With the increased number of 
therapeutically effective drugs there is less 
of a necessity to rely on drugs with a placebo 
effect. As a consequence the resistance 
against acceptance of this phenomenon de- 
creases. Individuals are less threatened and 
the silence about the placebo effect begins 
to vanish. Another factor may be the repeti- 
tious fanfare heralding the effectiveness of 
new drugs with which the drug companies 
are increasingly flooding the market. The 
vast majority of these preparations are rele- 
gated to silent oblivion. Repeated experi- 
ences of this nature should influence one’s 
thinking about the placebo effect as a con- 
sequence. Public and_ private financial 
support of research has increased enormously 
in recent years. Between 1952 and 1955 
alone, there has been a fiscal increase of 77 
per cent in government support of life- 
science research and an increase of 33 per 
cent in the number of projects (Consolazio 
and Jeffrey, 1957). Many more individuals 
are involved in research. The production of 
scientists, as reflected in the number of 
doctorates granted each year, has roughly 
doubled each decade (National Academy of 
Sciences, 1958). Methodological problems 
are examined. The placebo effect cannot be 
ignored. 

The influence of psychiatric thinking on 
the sciences has increased following World 
War IT. Psychologically, psychoanalytically, 
and socially oriented psychiatrists have 
entered the medical schools and hospitals in 
increasing numbers. There is more inter- 
disciplinary contact and research. It should 
not be surprising that their concern with 
psychological factors, symbolism, the doc- 
tor-patient relationship, transference and 
counter-transference should influence scien- 
tific thinking in the direction of recognizing 
the extensiveness of psychological phe- 
nomena. Psychiatrists have been active in 
extending their knowledge to the rest of the 
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medical profession and especially to the 
general practitioner. This is reflected in the 
numerous lectures, conferences, and books, 
as well as numerous articles which are 
directed toward the general practitioner or 
other medical specialist (Balint, 1955; Clyne, 
1953; English, 1930; Fisher, 1956; Hofling, 
1955; Levine, 1942; Romano, 1952; Sal- 
field, 1953). 

Despite this, it is difficult to document 
because psychiatrists (and psychologists) 
have published the least number of articles 
on the placebo effect, and only in recent 
years have they been concerned with it at 
all (See Figure 1 and Table 1). 


PSYCHIATRY AND THE PLACEBO EFFECT 
Placebo effect as a problem in Psychiatry. 


Psychiatry is in greater need of the knowl- 
edge and of the principles underlying and 
stemming from the placebo effect than 
medicine or the other sciences. Psychiatrists 
manage patients with psychological prob- 
lems almost exclusively, and are involved in 
a much more meaningful and closer doctor- 
patient relationship, a_ situation which 
maximizes the placebo potential. 

The need for psychiatry to be concerned 
with the placebo effect is readily apparent 
from a review of the literature on almost any 
aspect of psychiatry. Contradictory reports 
abound in all areas. Although it is not the 
purpose of this paper to review the litera- 
ture on therapy and other aspects of psy- 
chiatry, some of the highlights should be 
mentioned. In the treatment of manic de- 
pressive psychosis, Bellak (1952) lists fifty 
odd methods, nearly each one having “... 
been reported as leading to recoveries and/or 
improvements.” Some of the methods of 
treatment were: testicular vein blood serum, 
“own blood” injections, lysate of the hy- 
pophysis, epivector serum, refrigeration, au- 
rora-tone films, puppets, and diencephalic 
radiation. The history of the treatment in 
schizophrenia is even more impressive in 
this respect (Bellak, 1948). Horwitt (1956) 
points out how the papers reporting the 
pathology of schizophrenia year after year, 
repeated by each new generation,“ ... 
would make the schizophrenic patient a 
sorry physical specimen indeed: his liver, 
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brain, kidney, and circulatory functions 
are impaired; he is deficient in practically 
every vitamin; his hormones are out of 
balance, and his enzymes are askew.’’ One 
can find support in the literature for every 
possible viewpoint about psychiatric treat- 
ment. Many papers have appeared which 
question the efficacy or the possible placebo- 
like component of psychotherapy (Appel, 
Lhamon, Myers, & Harvey, 1951; Frank, 
Gliedman, Imber, Nash, & Stone, 1957; 
Gliedman, Nash, Imber, Stone, & Frank, 
1958; Grinker, 1958; Imber, Frank, Nash, 
Stone, & Gliedman, 1957; Lewis, 1941; 
Levitt, 1957; Murphy, 1951; Rosenthal 
and Frank, 1956; Smith and Wittson, 
1957; Whitehorn, 1958), electric convulsive 
treatment (Brill, Crumpton, Eiduson, Gray- 
son, Hellman, Tichards, Strassman, «& 
Unger, 1957; Bond, & Morris, 1954; Kara- 
gulla, 1950; Roth, 1952; Zubin, 1953), insu- 
lin coma treatment (Ackner and Harris, 
1957; Bourne, 1953; Bourne, 1958; Board- 
man, Lemas, & Markowe, 1956; Boling, 
Ryan, & Greenblatt, 1957; Fink, Shaw, 
Gross, & Coleman, 1958; Leyton, 1953) or 
the other somatotherapies and _psycho- 
therapies in general (Appel et al., 1951; 
Boardman et al., 1956; Bourne 1957; Clyne, 
1953; Diethelm, 1936; Hastings, 1957; 
Laties & Weiss, 1958; Staudt & Zubin, 
1957; Tibbetts and Hawkins, 1956). The 
papers illustrating the unresolved position 
of the drugs are too numerous to mention. 
There are between 20 and 30 tranquilizers 
on the market, each purporting to be effec- 
tive in the treatment of psychological illness, 
not to mention variants of the latter, the 
numerous combinations of the latter with 
other drugs and the recent rash of stimulant 
drugs. The tranquilizers are the fastest 
growing drugs in history, and it was esti- 
mated that in 1957 they would move into 
second place in sales, reaching about forty 
million prescriptions totalling 175-200 mil- 
lion dollars in retail sales (Plumb, 1957; 
Bello, 1957). 

Will we appear as wise one hundred years 
from now as do the compilers of the Paris 
Pharmacologia of a century ago who said, 
“What pledge can be afforded that the 
boasted remedies of the present day will not, 


like their predecessors, fall into disrepute, 
and in their turn serve only as a humiliating 
memorial of the credulity and infatuation 
of the physicians who recommended and 
prescribed them?” (LaWall, 1927). Perhaps 
recent psychiatric developments in the 
history of the placebo will gainsay us a place 
in history as prescient as the Paris compilers 
of a century ago. 


The belated interest of psychiatrists in the 
placebo effect 


Before outlining the contributions of 
psychiatrists and psychologists, it should be 
noted that the latter have been the last to 
become interested in the placebo effect. 
Without going into the details of Figure 1, 
there are only 2 papers by Americans which 
meet the criteria of being written by psy- 
chiatrists, with placebo in the title and 
appearing in American psychiatric journals. 
A total of 6 indexed papers with placebo in 
the title by psychiatrists (Table 1) contrasts 
with the 36 papers by non-psychiatric 
physicians. 

Although one could object that part of 
the discrepancy can be accounted for by the 
comparative preponderance of non-psy- 
chiatric investigators this cannot account 
for the greater part of the discrepancy. One 
would expect the placebo effect to be more 
the concern of-psychiatrists than of other 
investigators, and reflect itself in articles on 
the placebo effect and perhaps in articles 
with the word placebo in the title. By 
analogy, one does expect and does in fact 
find more articles on schizophrenia by psy- 
chiatric authors than by others. 

This situation is again reflected in the 
most widely known book on the history of 
psychiatry. Zilboorg (1941) does not men- 
tion the placebo or the placebo effect in his 
History of Medical Psychology. There is no 
discussion of suggestibility which at times 
is equated with the placebo effect. There is 
only a very brief and inadequate discussion 
of the doctor-patient relationship from this 
viewpoint. This is true also of Lewis (1941) 
A Short History of Psychiatric Achievement. 
Some general histories of medicine do slightly 
better in this respect although they too are 
inadequate for the most part. Bromberg 
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(1954) acknowledges the importance and 
effectiveness of faith in the magico-religious 
psychotherapy of the past in his history of 
psychotherapy, Man Above Humanity. He 
does not discuss, however, faith, suggesti- 
bility, or the placebo effect as it applies to 
medication prescribed in the past or present 
or to contemporaneous treatment in psy- 
chiatry. Parsons (1951) is far more at home 
with ‘‘placebo-like’”’ phenomena in_ the 
therapeutic process (although he does not 
use the term specifically) than the afore- 
mentioned authers. He discusses medical 
practice by way of illustrating a theory of 
social structure in The Social System. Per- 
haps, because he is a sociologist looking at 
the therapeutic process from the outside, he 
can be so much more cognizant of these 
factors than psychiatrists who are a part of 
the very process they are observing. 

Prior to pursuing this study it was thought 
that psychologists, by virtue of their care- 
ful concern with variables in experimenta- 
tion, would be cognizant of the placebo 
effect as an important variable. The con- 
verse was found to be true, as indicated by 
the sparsity of articles published by psychol- 
ogists (Figure 1) and by the few articles 
appearing in ‘Psychological Abstracts’ 
(Table 1). This was further confirmed by 
the impression that the double blind pro- 
cedure, which implies an understanding of 
the placebo effect and which is increasingly 
being used in clinical studies, is virtually an 
unknown and unused concept among experi- 
mental psychologists who are among the 
most careful of investigators. Many studies, 
especially those about which there is some 
contention, would benefit from a re-evalua- 
tion with attention given to this variable. 


Psychiatric surprise at the scarcity of articles 
on the placebo effect 


A common feature among psychiatric 
authors who have written about the placebo 
effect in recent years is the manifestation of 
surprise at the scarcity of articles on this 


> subject. It implies that the placebo effect was 


Se 


known but that nobody did anything about 
it. In another way, it highlights psychiatric 
belatedness in this area. 

Hofling (1955) says, “It is a matter of 
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some curiosity when a group of therapeutic 
agents in widespread use over a long period 
of time is largely ignored in medical litera- 
ture. That this has been the case with 
placebos is a matter of easy verification. A 
check of the most widely used textbooks of 
internal medicine, pharmacology, and ther- 
apeutics reveals scarcely any reference to 
the subject, with nowhere so much as a 
page devoted to its general discussion.” 

Fisher (1956) says, although, ‘Placebo 
therapy is unique in its timeless potency and 
popularity ... it has not achieved full scien- 
tific status.... Placebo therapy, the most 
common of all therapies, by paradox has a 
scanty literature with but few references. . . . 
The subject receives scant notice in text- 
books on treatment, and is often ignored in 
lectures and courses on therapeutics.” 

Gliedman et al. (1957) comments, “In 
recent years, the results achieved by placebo 
have acquired a limited aura of respectabil- 
ity. The ability of inert compounds... . to 
modify a variety of conditions . . . has begun 
to havea seriousimpact on medical thinking.” 

Trouton (1957) says, ‘Although numer- 
ous instances of the surprising efficacy of 
placebos in a wide variety of conditions have 
been reported lately, little has yet been 
done towards providing an explanation of 
the occurrence of placebo reactions, in terms 
of psychology.”’ Kurland (1957) comments 
on the “... relatively unexplored areas” of 
the placebo effect and the paucity of in- 
formation about this subject. [See also 
Charcot (1893), Freud (1948, 1950a), Janet 
(1924, 1925) and Jones (1923a) for similar 
thoughts on “suggestion.”’] 

Recent interest in the placebo effect 
appears in psychology. Garner (1958) notes 
the ‘‘... seldom reported effects ...” of the 
placebo, and says, ““Much time and energy 
would be saved if research workers in this 
area were familiar with the many points of 
these papers before they undertook to 
explain the efiect of drugs on patient 
behavior.” 


Factors responsible for recent psychiatric 
interest in the placebo effect 


How can this situation be explained? The 
factors mentioned previously—being threat- 
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ened, lack of knowledge, rigidity in thinking 
and disbelief in its importance—can be cited 
again. In addition, the closer relationship 
between psychiatrists and patients, with all 
the implications and consequences of trans- 
ference and counter - transference phe- 
nomena, would make it more difficult for 
the latter to objectively evaluate such 
phenomena. 

It is readily observed that the situation 
has changed in recent years. (Table 1, 
Figure 1). In addition to the factors men- 
tioned previously — increased scientific 
knowledge, greater numbers of research 
personnel, concern with methodology, in- 
creased numbers of psychiatrists in research, 
etc.—several deserve special emphasis. In 
the last twenty-five years more therapeutic 
methods have been introduced into psy- 
chiatry than ever previously. Many of these 
methods—psychotherapy, ICT, ECT, re- 
habilitative (milieu) efforts, lobotomy and 
drugs—appear to be effective in as yet some 
unelucidated way. This should result in 
psychiatry being more secure and _ less 
threatened, and being able more readily to 
face scientific problems and criticize ineffec- 
tive methods more objectively. The evalua- 
tion of these therapies raises many other 
problems. The complexity of evaluating 
contradictory reports, the difficulty of com- 
paring different investigative methods, and 
the problem of isolating complex variables, 
inevitably leads, from many directions, to a 
consideration of the placebo and the placebo 
effect. It is perhaps not fortuitous that psy- 
chiatrists have become interested in the 
placebo effect following the introduction of 
the tranquilizing drugs in 1954. (Figure 1). 


“Psychiatric” contributions to the study of 
the placebo effect 


Despite psychiatrists’ relatively recent 
concern with the placebo effect, they have 
contributed perhaps more substantially than 
all other previous groups of investigators. 
They have applied their special training and 
understanding with considerable fruitful- 
ness. 

Discussion of the placebo effect during 
the nineteenth century revolved around the 
concept of suggestion. This was stimulated 


by the advent of magnetic and hypnotie 
treatment. This development was not sudden 
and had historical roots in the past. As 
pointed out by Janet (1924, 1925), there was 
a long period of “Miraculous Healing’ in 
which cure was attributed to Gods. A ‘‘Meta- 
physical Stage’ followed in which power 
was invested in a particular person and 
exemplified by Mesmerism and Christian 


Science. The ‘Scientific Stage” (Bernheim, 


1889; Janet, 1924, 1925) followed with the 
advent of hypnotism. These stages stamped 
their character on discussions of what is now 
called the placebo effect. 

In the latter half of the 19th century many 
papers appeared on suggestion theory and 
therapy with particular emphasis on hyp- 
nosis. Hypnosis was viewed as the scientific 
attempt to investigate and use the principles 
of psychotherapy which had acted so blindly 
in the past (Bernheim, 1889; Janet, 1924, 
1925). Suggestion was equated with hyp- 
nosis and hysteria and most of the papers 
used these terms as if they were synonymous 
(Bernheim, 1889; Breuer and Freud, 1957; 
Charcot, 1925; Ferenczi, 1950; Janet, 1924, 
1925; Jones, 1923a, 1923b; Stekel, 1923). 
Although suggestion and hypnosis are 
related to the placebo effect and have many 
common principles, characteristics, and 
implications for each other, there is evidence 
(which will not be gone into at the present 
time) that these phenomena differ from one 
another in many details (e.g., conversion 
hysterics are poor placebo reactors, placebo 
effects can occur without direct, unconscious 
or conscious suggestions, ete.). For this 
reason, papers on hypnosis and suggestion 
per se, unless they have some importance for 
an understanding of the placebo effect, will 
not be summarized here (and are readily 
available elsewhere: Bernheim, 1889; Hull, 
1933; Janet, 1925; Schilder, 1956; Weitzen- 
hoffer, 1953). 

Bernheim (1889) demonstrated with many 
appropriate examples the ‘‘suggestive’”’ fac- 
tors which led to “...the possible efficacy 
of various practices employed for the cure of 
disease and which have succeeded each other 
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from ancient to modern times.” His under- * 


standing of this phenomenon is based on his 
concept of hypnosis which is thought to be 
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merely an extension or heightening of sug- 
gestion operating or present in every individ- 
ual and involving all of human activity. 

Similarly, Janet (1924, 1925), although 
critical of Bernheim’s formulations about 
suggestibility and hypnosis, is well aware of 
the ‘‘suggestive” factors in the history of 
medical treatment. Janet criticizes the 
methodology of those attributing cures to 
miraculous, magical, religious and other 
suggestive forms of treatment. He cites the 
inadequacy of the diagnosis, records and 
statistical treatment, the poor definition of 
cure, evidence for cure and verification of the 
cures, and touches on the failure to formu- 
late specificity, laws and indications for 
treatment. However, he is well aware that 
there is enough valid evidence for consider- 
ing these treatments as truly effective and 
significant. He discusses the factors in the 
patient, physician and situation which are 
thought to underlie these successes: In the 
patient—enthusiasm, faith, belief, feelings 
in general, power of the imagination, ex- 
pectant attention, faith in authority, the 
importance to the patient of being the object 
of investigation; in the physician—undoubt- 
ing enthusiasm, faith, and belief, the un- 
conscious personality of the healer; in the 
situation—the ritual, mystery and strange- 
ness of the proceedings and the situation, 
changed environment, repetitive education, 
and suggestibility factors. 

Freud (1950a) is in essential agreement 
with Janet that the majority of primitive 
treatments ‘‘raust be classed under the head 
of psychotherapy,” that this element enters 
into every therapeutic process, that all 
physicians use it, that it should be studied 
rather than used blindly, and that ‘‘a condi- 
tion of expectant faith’? was induced to 
effect cures. Concerning drugs Freud says, 
“Tt is not a modern dictum but an old saying 
of physicians that these diseases (psycho- 
neuroses) are not cured by the drug but by 
the physician, that is by the personality of 
the physician, inasmuch as through it he 
exerts a mental influence.” It is of interest 
that Freud viewed treatment in “hydro- 
pathic establishments” as effective, whereas 
today we would class such a cure as due to 
the placebo effect. Later, in 1912 and 1913, 


Freud (1949; 1950b; 1950c) emphasized the 
concept of transference, and made it the 
cornerstone for explaining the success of 
suggestive cures. Still later Freud (1948) says 
‘“‘Now that I once more approach the riddle 
of suggestion after having kept away from 
it for some 30 years, I find there is no change 


in the situation,” and that it is necessary to . 


formulate a concept of suggestion correctly 
and limit its extended use. He goes on, 
‘But there has been no explanation of the 
nature of suggestion, that is, the conditions 
under which influence 
foundation takes place.” 

Ferenczi, in 1909 (1950), holds that sug- 
gestion, hypnotism and healing of mental 
conflicts occurs ‘through repression, dis- 
placement and transference of disagreeable 
complexes,” particularly transference of 
“repressed parental complexes” and of ‘“un- 
conscious libidinal impulses” onto the person 
of the suggestor, hypnotist, healer and 
physician. 

Jones (1913; 1923a; 1923b) differentiates 
between two processes in suggestion—verbal 
and affective suggestion. The latter is more 
important and the basis for the former. 
‘Affective suggestion” is the basis of ther- 
apeutic suggestion, and is ‘‘a rapport which 
depends on the transference of certain posi- 
tive affective processes in the unconscious 

” which are “‘... always components or 
derivatives of the psychosexual group of 
activities ...one form of the more general 
mechanism of displacement, by means of 
which an affect is transferred from an origi- 
nal, unpleasant and repressed conception to 
another less acceptable one. ...It acts by 
releasing the repressed desires that are find- 
ing expression in the form of symptoms, and 
allowing them to become attached to the 
idea of the physician, psychologically this 
means replacement of one symptom by 
another. .. .” 

Hollingsworth (1912), a psychologist, 
following the lead of Rivers (1908), published 
a monograph on The Influence of Caffein 
on Mental and Motor Efficiency. Rivers is 
quoted approvingly and most of the latter’s 
techniques are incorporated into the study. 

Glover’s (1931) paper on The Therapeutic 
Effect of Inexact Interpretation, although it 
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does not discuss or mention the placebo, is 
concerned with the factors operating in 
successful suggestion from a psychoanalytic 
viewpoint and has many implications for an 
understanding of the placebo effect. The 
principle method is thought to be the 
increased effectiveness of repression, backed 
by strong v¢ansference authority, the 
specific technique depending on the emphasis 
placed on various defensive mechanisms. 

An excellent (practical and theoretical) 
discussion of “suggestion therapy” (which 
includes the placebo as one type of such 
therapy) appears in Levine’s (1942) Psychia- 
try and Medical Practice. He discusses the 
ethics, indications, contraindications, dan- 
gers and theoretical factors from a psycho- 
analytic view. Diethelm (1936) briefly 
discusses the ethics of using placebos and 
comments on the suggestive influence of 
certain psychiatric treatments. As one of 
the participants in the 1946 Cornell Con- 
ference on Therapy, Diethelm (1946) 
comments on the little progress in under- 
standing suggestibility (which includes the 
placebo effect) and stresses the belief on 
the part of the patient and the physician, 
and the physician’s symbolic value and 
personality as important factors influencing 
suggestibility. At this same conference 
Wolff (1946) relates the placebo effect to 
his experiments on pain thresholds and to 
the pill being a potent symbol of the doctor 
which supports the patient in the former’s 
absence. It symbolizes being cared for and 
gives emotional support or endorsement. It 
satisfies needs to feel dependent or may 
fulfill a need to be punished, and supports 
the desire to get well. 

Appel et al. (1951) tabulate the results 
of psychotherapy with the neuroses and 
psychoses. They find it striking “.... that 
individual reports from various sources 
show little variation from the average im- 
provement rate of 67 per cent in the 
psychoneuroses and 39 per cent in the 
schizophrenic illnesses,” despite a wide 
vailety of procedures which included 
reassurance at the one end of a continuum 
and psychoanalysis at the other end of the 
continuum. They discuss many of the 
variables that might have determined these 
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results, and raise the question about the 
usefulness of psychotherapy which has not 


been adequately tested up to the present 
time. The paper does not mention the 
placebo effect specifically but considers 
many of its facets which would be called 


the placebo effect by other authors. 

Hofling (1955), in an insightful article on 
the placebo effect for general practitioners, 
widens the concept of the placebo by defining 
it as, “A therapeutic measure which is 
administered largely or entirely for a 
psychologic effect not inherent in its physical 
or pharmacologic properties.’’ He goes on to 
discuss the factors influencing the effective- 
ness, the therapeutic indications and the 
ethics of placebos. His elucidation of the 
attitudes and feelings (‘‘counter-transference 
phenomena”) that accompany, result in or 
result from the prescribing of placebos is of 
considerable interest and a major contribu- 
tion to the understanding of the placebo 
effect. These factors, rarely considered 
previously, are shown to influence the 
effectiveness of and the attitudes toward the 
placebo. This aspect has been the special 
and unique contribution of psychiatry and 
has been considered by others in addition 
(Clyne, 1953; Whitehorn, 1958). 

Abramson, Jarvik, Levine, Kaufman, and 
Hirsch (1955) discuss the placebo effect as 
related to LSD, enumerate important 
variables in such studies, list some of the 
characteristics of placebo reactors, and 
correlate the placebo effect with responses 
to the Cornell Medical Index Health 
Questionnaire, arithmetic test, Rorschach, 
and the Wechsler-Bellevue Intelligence 
Scale. 

Fisher and Olin (1956) in a clinical study 
of patients receiving medication with 
potent autonomic properties (including a 
placebo in a double blind study), discuss 
the dynamics of placebo therapy. A broad 
definition of the placebo is offered, “A 
placebo may be any object offered with 
therapeutic intent,’ and adds that, “The 
‘placebo reaction’ occurs in psychotherapy 
even without a pill, in the so-called ‘trans- 
ference’ cure.” Traits of the positive and 
negative placebo reactor stemming from 
this study are delineated. 
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Tibbetts and Hawkins (1956) ‘cite their 
experiments with physical treatments in 
psychiatry and relate their findings to the 
placebo effect. Traits found to characterize 


| the positive placebo reactor are listed. 


Baker and Thorpe (1957) conducted a 
clinical study in which a placebo control 
resulted in significantly greater improvement 
than a tranquilizer. They list several of the 
methodological variables of importance in 
understanding the placebo effect which 
were felt to be responsible for this astonish- 
ing outcome. Trouton (1957) reviews the 
literature and relates the placebo effect to 
learning and personality theories. Hoffer 
(1956) comments on “‘.... the psychologic 
or placebo factors that no longer can be 
ignored.”’ He lists three psychological factors 
that must be considered when drugs are 
studied, and cites his experiences with LSD 
in this regard. Psychodynamic and condi- 
tional reflex actions of placebos are discussed 
by Kurland (1957) who offers some tentative 
conclusions resulting from a study now in 
progress. 

A number of excellent papers on the 
placebo effect have emanated from a group 
at the Johns Hopkins Medical School. 
Psychotherapy and the placebo effect is 
discussed by Rosenthal and Frank (1956). 
They review the literature and demonstrate 
the importance of considering this factor in 
research and evaluation of psychotherapy. 
Gliedman et al. (1957) summarize some 
conditional research studies on dogs and 
relate placebo reactivity to established 
learning concepts. Gliedman et al. (1958) 
elaborate further on the placebo effect in 
the context of a study comparing short-term 
psychotherapy with a placebo. Both proce- 
dures resulted in similar “symptom reduc- 
tion” which was not significantly different 
from one another. They relate the nature 
of the symptoms relieved to Beecher’s 
concept of the “reaction component of 
suffering.”? Although they comment on the 
limitations of their study, and many others 
could be raised, it does represent an attempt 
to study experimentally the effect of the 
placebo in the very complicated and difficult 
area of psychotherapy. Whitehorn, in a 
recent article (1958), defines the placebo 


effect as, “....all those psychological and 
psychophysiological benefits or determinants 
which quite directly involve the patient’s 
expectations and depend directly upon the 
diminution or augmentation of the patient’s 
apprehension by the symbolism of medica- 
tion or the symbolic implications of the 
physician’s behavior and attitudes.” This 
definition adds a dynamic dimension to the 
usual definition—the expectation and appre- 
hension of the patient. This succinct and 
insightful article touches on most of the 
major questions about the placebo effect— 
theory, psychotherapy, ethics, double blind 
studies, the doctor-patient relationship, 
psychodynamics, and the importance of 
research on this subject. (See also Frank et 
al., 1957; Imber et al., 1957). 

Many of the above articles review the 
literature on the placebo. Substantial 
contributions to methodological problems, 
which involve the use of placebos and 
indirect concern with the placebo effect, 
are appearing in increasing numbers by 
psychiatrists (Feldman, 1956; Horwitt, 1956; 
Sabshin and Ramot, 1956; Sainz, Biegelow, 
& Barwise, 1957; Smith & Wittson, 1957; 
Rashkis & Smarr, 1957a; 1957b). 

In 1956 a three day ‘Conference on the 
Evaluation of Pharmacotherapy in Mental 
Illness” was sponsored by the National 
Academy of Sciences (1956) and should be 
published in the near future. 


DISCUSSION 


The placebo effect appears to consist of 
three factors which are distinct from one 
another but which are often used inter- 
changeably in the literature. 

The first involves methodological errors 
resulting from variables other than the 
experimental variable determining results. 
These errors can arise at any and all stages 
of an experiment. If the experimental group 
is not compared with a control group which 
has been matched, randomized or analyzed 
for age, sex, acuteness or chronicity of 
illness, length of hospitalization, diagnosis, 
prognosis, psychodynamic factors, nutri- 
tional and physiological states and a great 
number of other variables, the experimental 
results are very likely to be erroneous. 
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These controls aid in minimizing the omni- 
present positive or negative bias of investi- 
gators and observors. The effect of spontane- 
ous remission during the course of illness 
must be considered in the evaluation of 
therapeutic efficacy. The increasing use of 
the double blind procedure (Shapiro, Dussik, 
Tolentino, & Azekoff, 1959) reflects the 
concern of investigators with these problems. 

Studies planned with diligence in every 
respect, including the use of the double 
blind procedure, can result in a_ placebo 
appearing significantly superior to a tran- 
quilizing drug if the placebo is sweet and 
the tranquilizer bitter; and if the placebo 
can be dissolved or easily distinguished 
from the active drug, the results may reflect, 
not the effect of medication, but the atti- 
tudes of the personnel administering and 
evaluating the drug (Baker & Thorpe, 1957). 
The effect of the observer’s attitude deter- 
mining results with tranquilizing drugs has 
also been demonstrated graphically by 
Feldman (1956) who found that the reported 
therapeutic effect of chlorpromazine corre- 
lated closely with the physician’s attitude 


to the drug. Many other such examples 


could be cited. 

After examination of the experimental 
evidence, as well as a consideration of the 
history of medicine, the literature on the 
placebo effect, suggestibility, etc., another 
factor appears which may be a variable but 
which is different from the usual methodolog- 
ical variables. If all the known and possible 
variables are controlled or excluded except 
for this one the results are very likely to be 
in error. This factor is the placebo effect, 
the effect of the doctor himself (or some 
symbolic representative of the doctor) as 
therapeutic agent (Freud, 1950a; Findley, 
1953; Houston, 1938), the most widely used 
of all agents (Balint, 1955; Cornell Con- 
ference, 1946; Fisher & Olin, 1956; Janet, 
1924; Jones, 1923a). 

This factor assumes special importance 
because it has dynamic therapeutic efiects 
which are different from simple variables 
such as age and chronicity of illness. The 
powerful therapeutic potential of the placebo 
effect should be further investigated so 
that its mechanism is understood and its 


possible uses explored. It may help elucidate 
some of the problems in psychotherapy and 
liberate for further inquiry the effects of 
psychotherapy which appear to be above 
and beyond the mere result of the placebo 
effect. The principle(s) underlying the 
effect of this variable can be extended to 
non-therapeutic experimental — situations 
which involve an interpersonal relationship 
with an investigator, or even some symbolie 
representative of the latter. The effect of the 
observer or investigator in experimentation 
requires further exploration. 

A third factor is the effect of the placebo 
when it is an uncontrolled variable in 
experimental research or therapeutic evalua- 
tion which then becomes subject to: the 
methodological errors described previously, 

Thus, a clarification of the placebo effect 
requires that a distinction be made between 
methodological variables, the placebo effect 
itself, and the placebo effect as an uncon- 
trolled variable. In addition, as correctly 
pointed out by Fisher (1956), the placebo 
should be distinguished from the placebo 
effect, the placebo being the agent which 
may or may not result in a placebo effect. 

These considerations have important 
implications for psychiatry. It should 
stimulate the development of the sensitive 
methodology required by the complex 
factors in psychiatry. The perennial mis- 
evaluation of new therapies may be avoided 
or limited. The recent flood of newly intro- 
duced therapeutic agents and procedures 


demands reliable evaluation. It is important | 


to tease out the effects due to specific factors 
and those due to experimental variables and 
the placebo effect. It is important to deter- 
mine whether, to what extent, and why a 
specific therapy may require a placebo effect 
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As pointed out by Rosenthal and Frank 
(1956), the effects of psychotherapy may be 
obscured by under or overevaluation because 
some patients may respond without therapy, 
some to any kind, and others only to specifie 
therapy. The effect of the ‘‘social milieu’’ or 
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fact, and not itself a product of the placebo 
effect (Greenblatt, Levinson, & Shapiro, 
1959). 

Occasional records of ancient medicine 
having stumbled upon a useful drug do 
occur. The inability, however, to scientifi- 
cally evaluate the specific usefulness of the 
drug usually resulted in its loss to future 
generations. The ancient Chinese gave 
ground-up ‘“‘dragon bones” to children with 
convulsions, the calcium being effective for 
infantile tetany (Haggard, 1933). Burnt 
sponge, which contains iodine, was used to 
treat simple goiter (Haggard, 1933). Wither- 
ing used his digitalis concoetion (Fox-glove) 
for all cases of dropsey, which was regarded 
as a primary disease (Garrison, 1921; 
Major, 1955). The recognition that digitalis 
had a beneficial effect in only certain types 
of dropsey, that caused by congestive heart 
failure, and that it was ineffective in renal 
disease, vitamin deficiency, hypothyroidism, 
cirrhosis, adrenal malfunction, neoplasm, 
etc., led to the former’s more effective 
treatment and to advances in the under- 
standing and treatment of the other con- 
ditions. Sydenham in the 17th century is 
credited with a major contribution to the 
end of ‘‘galenicals” in medicine, and the 
beginnings of scientific medicine, by demon- 
strating the specificity of cinchoma bark for 
fever of malarial origin (Garrison, 1921; 
Haggard, 1929; Haggard, 1934; Major, 1954; 
Major, 1955; Pepper, 1945). 

Although psychiatry is on a much higher 
level than medicine of that period there are 
some rough similarities that do not require 
elaboration. 

This paper is not meant to derogate the 
ingenuity, inventiveness, sensitivity, and 
value of the individual clinician. The past, 
present, and future would be bleak indeed if 
their creative function were superseded by 
a mechanistic methodology. Scientiiie meth- 
odology rarely if ever creates ideas in itself 
but is used to test these ideas and concepts. 
But it is also necessary to recognize the 
limitations and dangers inherent in the 
“common sense” method of the clinician. 
This has been demonstrated clearly in the 
case of morphine. After all the centuries it 
has been used, the dosage arrived at in this 


country is 50 to 100 per cent greater than 
the one that gives essentially the maximum 
of pain relief, as determined by careful 
methodological evaluation. (Beecher, 1952; 
Denton and Beecher, 1949; Lasagna and 
Beecher, 1954; Lasagna et al., 1954; Keats, 
Beecher, & Mosteller, 1950; Lee, 1942). It 
does not follow, however, that recognition 
be denied the astute clinician who first used 
morphine, or those who rediscovered it in 
other places and at other times, or those 
who followed reifying its usefulness. Their 
importance and function is gainsaid. Our 
concern is with minimizing the errors of the 
astute clinician and the hyperbole of the 
less gifted, and with the adding of clarity, 
objectivity, reliability and sensitivity to the 
“common sense” and at times the ‘“uncom- 
mon sense” of the clinician. This requires 
concern with methodological problems in 
general and the placebo effect as a methodo- 
logical problem in particular. Finally the 
recognition of the placebo effect, an impor- 
tant variable in methodology, capable of 
potent and extensive therapeutic effects, 
requires special attention. 
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A tale is told of a man in Paris during the upheaval in 1848, who 
saw a friend marching after a crowd toward the barricades. Warning 
him that these could not be held against the troops, that he had 
better keep away, and asking why he followed those people, he ~ 
received the reply, ‘I must follow them. I am their leader.’ 
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A static explanation argues that something is so because something else 
is so. For example, an explanation of a state of affairs in terms of an equi- 
librium is static. A dynamic explanation, on the other hand, argues that 
something is so because it has become so. The physicist, for example, views 
the velocity of a falling stone as a result of force having acted (not merely 
now acting) on the stone. In this article, the author points out the excessive 
reliance of many social sciences upon static explanations of social arrange- 
ments (equilibria, adjustment, etc.) and the comparative neglect of dynamic 
(historical) analysis. He also develops heuristic criteria for judging the ex- 
planatory value of various social variables in dynamic analysis. 


EXPLANATION AND COMPARATIVE DYNAMICS IN SOCIAL 
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by John C. Harsanyi 
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INTRODUCTION 


MONG social scientists there is now an 
increasing interest in fundamental 


theory, in explaining social facts rather than 
merely describing them. At present the only 
social sciences possessing a well-developed 
systematic theory are economics and demog- 
raphy. But there is a clear trend towards 
greater emphasis on theoretical analysis in 
social and cultural anthropology, sociology, 
social psychology, social and _ cultural 
history, political science, legal theory, ete. 
There is also a growing realization of the 
fact that society is a causal mechanism so 
closely inter-connected 1s to require analysis 
to a large extent in terms of one basic theory 
common to all social sciences rather than 
merely in terms of independent theories par- 
ticular to the various disciplines. The interest 
of social scientists in recent years has tended 
to centre upon problems which by their very 
nature require study by a cooperative ef- 
fort of specialists in different social sciences, 
such as the problems of cultural change, 
economic development, the relation between 
culture and personality structure, compara- 
tive politics, etc.; and experience with 
interdisciplinary research projects in such 
fields has made even clearer to what an 
extent our understanding of social phe- 
nomena is restricted by the lack of an 
integrated explanatory theory of society. 


When a social scientist (e.g., a historian) } 


tries to explain the behaviour of a given 
individual, he will use the social institutions 
and cultural patterns of the relevant society 
as explanatory principles without necessarily 
attempting to explain these institutions and 
cultural patterns themselves. But at a 
deeper level of analysis the main task of the 
social sciences is precisely to explain the 
institutions and cultural patterns of each 
society. The purpose of this paper is to 
propose certain heuristic criteria for explana- 
tory hypotheses and general theory construc- 
tion at that level of analysis. Of course, 
heuristic considerations can never save us 
the trouble of actually setting up specific 
explanatory hypotheses and testing them 
against the social facts of the present and 
the past. But they may help us to devise 
fruitful hypotheses and to avoid blind alleys 
if we can make it clearer to ourselves what 
sort of theory we are after and what kinds 
of explanations we are looking for. 


STATIC AND DYNAMIC MODELS 

The most ‘natural’ explanation for a 
social fact is in terms of some other social 
variables belonging to the same time period. 
For instance, the most obvious way of 
explaining the nature of English literature 
in the Victorian age is to refer to certain 
characteristics of English society in that 
period. But a little reflection will show that 
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, 
this type of explanation cannot be pressed 


very far. For, English literature of the 
Victorian age evidently carried forward 
(or reacted against) the English literary 
traditions of earlier ages and was also subject 
to literary influences from abroad. Hence, 
what contemporaneous English social condi- 
tions can explain about Victorian-age English 
literature are not so much the prevailing 
literary patterns themselves as are rather the 
deviations that occurred from the literary 
patterns of the previous period (as well as 
from the foreign models used). That is, what 
contemporaneous social conditions directly 
explain are not the relevant social variables 
themselves but are only their time trends 
(time derivatives'), i.e. the directions and 
rates of their change. 

Following the terminology used’ by 
economists, we shall speak of static explana- 
tion when a social variable is explained 
exclusively in terms of variables belonging 
to the same time period; and we shall speak 
of dynamic explanation when at least some 
of the explanatory variables used belong to 
an earlier period than the variables to be 
explained. More generally, we shall speak of 
dynamic explanation also if what we directly 
try to explain, and/or what we offer as 
explanation, involve not only the values of 
certain social variables at a given time, but 
also their time trends (time derivatives), 
ie. the directions and rates of their change. 

Social scientists making use of a ‘static 
explanation often do not sufficiently realize 
how restrictive the assumptions are to which 
they are committed by adopting this type 
of explanation. A static explanation implies 
a static model of the social system. That is, 
it implies the assumption that all social 
variables relevant to the problem on hand 
always adjust to one another (and to the 
variables defining the natural environment) 
without any considerable time lag. More 
particularly, if the value of a certain variable 
Y is to be explained in terms of the con- 
temporaneous values of some other variables 
Xi, -::, Xn, then the following assump- 
tions have to be satisfied: , 

1 As we are here concerned only with the basic 
logic of explanatory models, we shall neglect the 


distinction between differentials and finite differ- 
ences, or between differential equations and 


difference equations. 
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1. At any moment the values of Xi, - - - , 
X, must determine an equilibrium 
value for Y. 

2. Should Y be removed from this 
equilibrium value by any disturbing 
force, it must return again without 
any significant delay? to this equilib- 
rium value when the disturbing force 
ceases to operate. 

3. Should there be any change in the 
values of Xi,---, Xn, then Y must 
move to its new equilibrium value 
(determined by the new values of the 
X’s) also without any significant 
delay’. 

Clearly, these are very strong assump- 
tions, in particular 2 and 3. No doubt, there 
are within the social system subsystems to 
which static models are applicable at least 
as crude first approximations. For instance, 
the analysis of economic and _ political 
institutions in terms of static models and 
in terms of the concepts of economic or 
political equilibrium (balance of power) does 
have its usefulness. But the social system 
as a whole can hardly be ‘regarded as a 
static mechanism. If nothing else, at least 
the evident inertia of cultural traditions 
and of social institutions must prevent any 
immediate all-over adjustment to changing 
conditions as would be required by a static 
model. 

Therefore, in general we have to use 
dynamic models, which allow for slow, 
delayed or staggering adjustment, and 
which include the social conditions of 
earlier periods (and/or the time trends due 
to the changes going on in society) among 
their explanatory variables. This means 
that normally the explanation of a given 
cultural pattern or social institution will 
have to refer to the cultural patterns and 
social institutions of the previous period; 
and the conditions of the present will 
explain no more than the cultural and 
institutional differences between the present 
period and the previous one. 

Very often when empirical observation 


2 For, the equilibrium value of Y can be used 
to explain the actual value of Y only if Y is most 
of the time actually at or near its equilibrium 
value. 

3 See the previous footnote. 
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fails to discover any consistent relationships 
between two important groups of social 
variables, we can quite confidently expect 
to find meaningful relationships between 
changes in these two groups of variables. 
For instance, the examples of the United 
States, Great Britain and the Soviet Union 
show that there is no uniform connection 
between the productive technology of a 
society and its economic and _ political 
institutional framework, as in each of these 
societies basically the same _ productive 
technology is associated with very different 
economic and _ political institutions. In 
contrast, between changes in technology and 
the consequent changes in economic and 
political institutions (as well as the other 
way round) there do appear to exist well- 
defined recognizable relationships. For exam- 
ple, we already know a good deal about 
what economic and political changes tend 
to follow the adoption of Western technology 
by a non-Western country (and how the 
nature of these changes depends on the 
economic, political and cultural conditions 
of the country prior to Westernization). 
Similarly, we also have a good idea of the 
social and cultural changes that regularly 
tend to follow technological innovations in 
Western countries. 

The point is that dynamic laws represent 
the general case of causal laws while static 
laws form a very special case, found only 
in causal systems of special descriptions‘. 
Therefore society must be subject to 
dynamic laws if it is subject to causal laws® 
at all, but there is no reason to expect that 
it will be subject to static laws, except for 
certain special fields. 


Greater care in distinguishing between 
static and dynamic models would no doubt 
enhance the theoretical value of certain 
analytical tools now commonly used by 


4 Any system subject to static laws is always 
also subject to dynamic laws but not vice versa. 
This is so because any static law can always be 
expressed in the form of a dynamic law, e.g. by 
adding a vacuous conditional clause involving a 
variable of the previous period, ete. 

5 This is true irrespective of whether these 
causal laws are deterministic or merely statistical. 


social scientists. For example, social institu. 
tions and cultural patterns are now often 
explained in terms of the functional adjust- 
ment hypothesis. It is argued that every 
society must display a certain minimum 
degree of functional efficiency, i.e. corre- 
spondence between social needs and social 
institutions—at least as much as is needed 
for the very survival of the society. This 
leads to the inference that all social institu- 
tions tend to serve some real social needs 
and that all important social needs tend to 
be catered for by some social institutions: 
the task of empirical research is simply to 
find out which social institutions are 
connected with which social needs and vice 
versa. 

Another, closely related, analytical tool 
is the hypothesis of cultural consistency 
(see Benedict, 1934). It is assumed that the 


value-attitudes, beliefs and activity patterns 


of each society form a_ well-integrated 
self-consistent system. Once certain basic 
value-attitudes of the society are given, the 
other elements of the culture can be ex- 
plained to a large extent in terms of this 
consistency requirement. 

Both the functional adjustment and the 
cultural consistency hypotheses certainly 
contain a good deal of truth: there are 
strong forces that tend to adjust social 
institutions to social needs or alternatively 
to eliminate societies with extreme institu- 
tional maladjustments; and there are also 
strong forces that tend to iron out inconsist- 


encies among the cultural patterns of a ! 


given society. But it is sufficiently clear 
that all these forces are often quite slow in 
operation (and often have to work in the 
face of strong counteracting forces which 
try to preserve maladjusted institutions or 
inconsistent cultural patterns) so that the 
requirements of a static model are not met. 
Consequently there is no presumption 
whatever to the effect that the institutions 
and cultural patterns of any given society 
will be found to be particularly well adjusted 
or particularly consistent. Undue insistence 
on such hypotheses can only lead to existing 
functional maladjustments or cultural 
inconsistencies being explained away. A 
satisfactory model of functional adjustment 
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and cultural integration cannot be static 
/ but rather has to include specific assump- 
tions, at least in a rough qualitative sense, 
about the speeds at which the relevant 
adjustment and integration processes oper- 
ate in different parts of the social system (as 
well as about the strength of the counter- 
acting forces they have to overcome). 





EXPLANATION AS A PROBLEM OF 
COMPARATIVE DYNAMICS 

If society were a static mechanism the 
task of social science would be to explain 
differences and similarities between different 
societies or different parts of the same 
society in terms of certain basic social 
variables of the same period. That is, the 
fundamental problem would be a problem 
of comparative statics. As, however, society 
is a dynamic system the fundamental 
problem becomes a problem of comparative 
dynamics. The problem is to explain similar- 
ities and differences in the development 
over time of different societies or of different 
parts of the same society, in terms of the 
initial conditions (i.e. the conditions prevail- 
ing at some arbitrary point of time chosen 
as the starting point of our investigation) 
and in terms of the subsequent external 
influences (boundary conditions) affecting 
their development. On reflection it turns 
out that the explanation of any social fact 
is always a problem of comparative dynamics 
even if at first it is not stated in this form. 
For example, explaining the existence of 
industrial capitalism is the same thing as 
explaining why the Western society of the 
f 18th century did produce a_ capitalistic 
industrial revolution while other societies, 
even those at comparable levels of economic 
> and cultural development, did not have 
| independent capitalistic industrial revolu- 
, tions of their own. It was one of Max 
Weber’s greatest contributions to social 
science to point out the reducibility of every 
question about explanation to a question 
in comparative dynamics. 

Indeed, if an explanation proposed for a 
. Social fact does not explain why this fact 
appears or appeared in some societies or 
social groups but not in others—i.e., if it 
does not supply an explanation in a com- 
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parative dynamic sense—then we cannot 
accept it as full explanation of this social 
fact at all (though we may very well accept 
it as an important step towards a future 
explanation). For instance, even if the 
scapegoat theory of racial prejudice should 
be correct as far as it goes it cannot be 
regarded as full explanation of racial 
prejudice so long as it cannot explain why 
racial prejudice emerged in some societies 
or social groups but not in others, or why it 
is increasing in some social environments 
but is decreasing in others. 

The fact that the social system is a 
dynamic system means that all problems 
in social science have an essential historical 
dimension and that in effect the main task 
of social science is to explain historical 
development. So it is most unfortunate that 
it has become customary for social scientists 
with a sense for theoretical analysis to 
neglect history and for social scientists with 
historical scholarship to keep themselves 
innocent of theoretical analysis. 

Of course, in many cases the reluctance of 
historians to offer explanations (except on 
rather superficial levels) for the course of 
social development is simply a matter of 
there being no worthwhile analytical theory 
they could have drawn upon. For ° stance, 
so long as we have no theory to speak of on 
the dynamics of political institutions, we 
cannot blame historians if they fail to offer 
a satisfactory explanation for the fact that 
democracy works reasonably well in some 
countries but could never take firm roots in 
some other countries at comparable levels 
of cultural development. Even in economic 
history, progress in explaining the patterns 
of historical development was up to quite 
recently greatly hindered by the fact that 
available economic theory did not provide a 
satisfactory theory of economic growth. 
Only in the last few years have both eco- 
nomic theorists and economic historians 
shown a more active interest in explaining 
the differences in the rate and direction of 
economic development among’ various 
societies at different periods, and in setting 
up dynamic models consistent both with 
sound economic theory and with the 
established results of historical research. 
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As the main purpose of a comparative 
dynamic theory of society would be to 
explain the course of historical development, 
our present interest in comparative dynamics 
to some extent represents a return to 
problems that used to occupy the evolution- 
ary theorists of the 19th and early 20th 
centuries—in contrast to the anti-theoreti- 
cal, or at best static, approach fashionable 
in the more recent past (roughly in the 
inter-war period)®. But of course there are 
also fundamental differences. Evolutionists 
were looking for a law determining a uniform 
sequence of evolutionary stages for all 
societies. Comparative dynamics, on the 
contrary, is based on the idea that different 
societies often show very different patterns 
of development, and its main objective is to 
explain these differences in development in 
terms of differences in the initial conditions 
and the external influences. 

Instead of assuming a law directly 
determining the course of social development 
(as a uniform sequence of evolutionary 
stages), a dynamic theory of society will 
have to explain social development in terms 
of the basic causal laws governing the 
interaction among the various social and 
environmental variables. It will have to set 
up analytical models based on specific—and, 
if possible, quantitative—assumptions con- 
cerning the causal influence that each 
major social and environmental variable 
has on the other variables, and concerning 
the causal mechanisms which transmit this 
influence. And of course ultimately all these 
causal laws will have to be explained in 
terms of interaction among the social 
groups—and, more fundamentally, among 
the individuals—who make up the social 
system. 





EXOGENOUS VARIABLES AS EXPLANATORY 
VARIABLES 


Among explanatory variables, special 
logical status belongs to variables exogenous 


6 Economic theory in many ways followed a 
course different from that of most other social 
sciences in that it felt the influence of extreme 
evolutionist doctrines much less, and later largely 
avoided the anti-theoretical current that swept 
over sociology and anthropology. But it likewise 
went through a period of purely static theorizing 
and of neglect for development problems. 


to the social system, i.e., to the variables 
describing the natural environment of the) 
society, and the biological properties of the 
population, in their aspects independent of 
human intervention. For, if a social scientist 
suggests an explanation for a social fact in 
terms of other social facts (i.e., in terms of 
variables endogenous to the social system), 
his explanation will be incomplete so long 
as he cannot offer explanation for these 
latter social facts themselves. But if he puts 
forward explanation for a social fact in 
terms of variables genuinely exogenous to 
the social system his analytical task will be 
completed, as it will not be his business as a 
social scientist to find an explanation for 
these exogenous variables themselves. In 
this sense the exogenous variables represent 
the only vehicles of ‘‘ultimate’”’ explanation 
in social science. 

For instance, if the differences between 
Western European and Indian economic 
development could be fully explained in 
terms of differences in the natural resources 
(as they in fact cannot), no further explana- 
tion would be required. But if we try to 
explain these economic differences, say, in 
terms of the religious differences (as between 
Christianity and Hinduism), this explana- 
tion will be incomplete so long as we cannot 
explain these religious differences them- 
selves. Indeed, any explanation of the 
economic differences in terms of religion 
will carry full conviction only if there is 
some evidence that the religious differences 
themselves in turn can be explained by 
factors independent of the economic differ- 
ences we have started from in the first place. 

To be sure, experience shows that we 
very often cannot follow all causal chains 
back to the basic exogenous variables. In 
effect, if we want to restrict our analysis to 
a period shorter than the whole history of 
the human race, we have to admit as 
explanatory variables initial conditions 
which are already social variables; and if 
we want to limit our attention to a social 
system smaller than mankind as a whole, 
we have to admit as explanatory variables 
influences coming from other societies. But 
even apart from the natural limitation of 
the scope of our analysis in time and in 
space, the failure of all theories of environ- 
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mental determinism (and the even more 
} complete failure of theories of racial deter- 
minism) shows thet our explanation of 
social development can hardly ever be so 
complete that we could avoid admitting 
“historical accidents,” i.e., events that we 
can subsume only under statistical laws. 
This means that the connection between 
the known exogenous variables and the 
detailed course of social development has 
to be visualized in terms of stochastic 
(probabilistic) rather than deterministic 
models. 

Of course, the concept of historical 
accidents must be handled with great care 
to make sure that its use will satisfy the 
requirements of probability theory. For 
instance, suppose that a given society did 
not make a certain invention in a given 
period even though there would have been 
a strong social need for it and even though 
all basic technological principles required 
were known. Then, as inventions are no 
doubt to some extent matters of luck, we 
may legitimately regard this failure to 
make the invention in question as a mere 
historical accident, if the period involved 
was reasonably short. But if the invention 
failed to occur over a long period the 
assumption that this was due to mere 
chance will have a very low probability, 
and a specific explanation, e.g., in terms of 
negative social attitudes towards invention, 
will be required. 


But, even though explanation in terms of 
exogenous variables is not always possible, 
whenever it is possible it has a very special 
theoretical interest; and one of the basic 
tasks for a causal theory of the social 
system will be to discover the causal 
(deterministic or statistical) laws according 
to which the natural environment and the 
other exogenous variables influence the 
social variables, and to identify the causal 
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mechanisms which transmit this influence. 
Not only the exogenous variables them- 


_ Selves have a privileged position as explana- 


tory variables but so do all endogenous 
social variables which bear the direct 
impact of major exogenous variables and 
play a principal role in transmitting the 
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latter’s influence to the rest of the social 
system. 

One of the reasons why explanation of 
social phenomena in terms of economic forces 
is often so fruitful lies in the fact that the 
economic system is one of the main channels 
through which the natural environment 
(in particular, the presence or absence of 
natural resources and of natural routes of 
communication) acts upon the social system. 
To be sure, the economic system is not the 
only causal channel through which the 
environment exerts its influence. For 
instance, geographical conditions have an 
important effect on the sizes and boundaries 
of political units; climate influences patterns 
of recreation and social intercourse, etc. 
In trying to explain differences in the 
development of different societies, of course, 
all these influences of the natural conditions 
have to be taken into account. 


STABLE ENDOGENOUS VARIABLES (SOCIAL 
INSTITUTIONS AND CULTURAL 
TRADITIONS) AS EXPLANATORY 
VARIABLES 

Social institutions and cultural traditions 
have an important role as explanatory 
variables fundamentally because of their 
stability. 

Though only the exogenous variables are 
fully independent of the other variables, any 
stable endogenous variable also represents a 
relatively independent source of causal 
influence in that (so long as it maintains 
its stability) its value is independent of 
changes in the other variables. 

The task of a dynamic theory of society 
is to explain social development in terms of 
the initial conditions associated with some 
arbitrary “initial” period (and in terms of 
the subsequent external influences). Hence 
special theoretical interest attaches to those 
‘vausal channels which transmit the influence 
of the initial conditions to later periods. 
These causal channels are represented 
primarily by the stable variables of the 
social system. A given initial condition tends 
to have a persistent influence on later 
development either if it itself represents a 
relatively stable social variable (a stable 
social institution or cultural tradition) or if 
it has a lasting effect on another variable 
with a high degree of stability (e.g., the 
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social conditions, themselves possibly of 
short duration, which give rise to a lasting 
institution or cultural tradition). In effect, 
the influence of any initial condition can 
always be represented in principle by a 
constant parameter in the equations describ- 
ing the behaviour of the system over time— 
though this constant parameter may not 
always correspond to a directly observable 
constant variable of the system. 

To be sure, the effect of a stable social 
variable on social development, even if 
persistent, need not be large. In particular, 
variables connected with some causally 
isolated part of the social system may 
exhibit great stability—maybe precisely as 
a result of their isolation from influences 
coming from other parts of the system—and 
may still have very little influence on the 
rest of the system. For example, the social 
structure of an isolated rural community 
may remain practically constant for cen- 
turies without this fact having any impor- 
tant effect on society at large. But any 
social or cultural variable that tends both to 
show a high degree of stability and to 
remain in close interaction with other 
important variables can hardly fail to be a 
variable with a significant long-run influence. 
Even if the influence of such a stable 
variable should remain small in the short 
run, its long-run influence will tend to be 
considerable as it will represent the cumula- 
tive effect of a force persistently pressing 
in the same direction over a long period. 

In view of the great causal importance of 
such relatively stable social institutions and 
cultural traditions, it. is of particular interest 
to explain the behaviour of these institutions 
and traditions themselves—both their stabil- 
ity over time and the changes, if any, they 
display. 

There are, of course, certain familiar 
stabilizing mechanisms which help to 
preserve all institutions and cultural tradi- 
tions once they exist—such as education by 
teaching and example, social pressure for 
conformity, fear of the new and unfamiliar. 
But social scientists from Marx to the 
modern functionalists agree that an institu- 
tion or cultural pattern cannot persist for 
long unless it satisfies some specific interests 
or psychological needs on the part of 








society as a whole or on the part of particulary variable 
social groups. This means that the stability) stock ° 
of all other social variables greatly depend sources 
on those fundamental structural variable} variab! 
which determine the common interests and] of tec! 
psychological needs of the society as well} slowly 
as its division into the major social groups, )} Obviot 
and the separate interests and psychological | sort re 
needs of these groups themselves. These| in eX] 
fundamental structural variables include| change 
the natural environment of the society and] of soci: 
its way of utilization; the society’s position | can be 
among, and relation‘to, other societies; the | as ind 
prevailing basic value attitudes and the{ run tl 
basic personality structure of the members } mould! 
of the society’; the social structure and its} The: 
major subdivisions according to class, | condit: 
status, occupation, residential area, ethnic | of che 
origin, religion, etc., as well as the basic | variab 
economic, political and social relations } import 
among these groups. These fundamental | For in 
structural variables, or rather changes in | in eco! 
them, also play an important role in explain- | are th 
ing changes in other social institutions and | that | 
cultural patterns (if the relevant time lags } capita 
are allowed for). Hence the differences{ We 
between two societies in these fundamental for th 
structural variables must go a long way \, of soci 
towards explaining the differences in their} econo! 








other social variables. chann 
ment 
ACCUMULATIVE VARIABLES eo 
If we apply the method of comparative } S¥Ste? 
analysis, not to two different societies, but techn 
rather to two different periods of the same { 2 lee 
society, obviously we cannot explain the | Vatiat 
observed differences in terms of completely | 24 
stable social variables, which did not change } good 
from one period to the other: Rather, we | S0cial 
have to rely on variables which did signifi- | 2" | 
cantly change from one period to another > differs 
but which at the same time remained | will I 
approximately constant within each (short) ; Which 
period under comparison—that is, on | Popul 
variables which tend to change at a very know 
slow rate but so that this adds up to large | #02 
changes in the long run. Such variables IN 
may be called accumulative (or decumulative) | 
7The basic value attitudes and basie per- , Pet 
sonality structure themselves may be determined 
by the prevailing type of family organization and | cal pl 
child-rearing practices. See A. Kardiner, Linton, work! 
DuBois, and West (1945). direct 
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yariables. Examples are: population, the 
stock of capital, the stock of natural re- 
sources (the latter is a “decumulative” 
variable subject to depletion), the ‘‘stock”’ 
of technological knowledge, the sizes of 
slowly growing social organizations, etc. 
Obviously accumulative variables of this 
sort represent very important causal links 
in explaining the fundamental long-run 
changes that occur in a society in the course 
of social development. In the short run they 
can be regarded as constant, and therefore 
as independent variables, while in the long 
run they are themselves subject to the 
moulding influence of other social variables. 

These latter, i.e., the social and cultural 
conditions that decide the rate and direction 
of change in each of these accumulative 
variables, are of course another most 
important class of explanatory variables. 
For instance, it would be a major advance 
in economic theory if we could decide which 
are the main economic and social variables 
that determine the rate of increase in 
capital and in technological knowledge. 

We have argued above that one reason 
for the fruitfulness of an economic analysis 
of social institutions lies in the fact that the 
economic system is one of the main causal 
channels through which the natural environ- 
ment acts upon the social system. We can 
now add an additional reason: the economic 
system (if defined so as to include productive 
technology as one of its variables) contains 
at least three of the major accumulative 
variables, viz., capital, natural resources 
and productive technology. Therefore a 
good deal of the differences between the 
social conditions of two different periods 
can be explained in terms of economic 
differences. But of course a full explanation 
will have to bring in cumulative variables 
which are not ‘‘economic” in nature, e.g., 
population, the ‘stock’ of pure scientific 
knowledge, military technology, communica- 
tion and organization methods, ete. 


INTERACTION BETWEEN DIFFERENT 
SUBSYSTEMS OF THE SOCIAL 
SYSTEM 

Perhaps the most interesting methodologi- 
cal problem facing a social scientist is what 
working hypothesis to adopt about the likely 
direction of the causal influence between 
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certain major groups of social variables (i.e., 
between different subsystems of the social 
system). Should we, with Max Weber, 
assign causal priority to the religious-ethical 
variables and explain the emergence of 
Capitalism in terms of Protestant ethics, or 
conversely should we, with Karl Marx, 
assign causal priority to the economic 
variables and explain Protestantism itself 
in terms of the economic conditions of 
late-medieval towns? Should we explain 
economic development in terms of political 
factors and regard Capitalism the by- 
product of the fiscal policies of national 
governments, or should we adopt the oppo- 
site explanation and make the national 
governments themselves the agents of 
Capitalistic economic interests? 

Sometimes attempts have been made to 
dismiss all problems of this kind with the 
pronouncement that in society all causal 
relations are two-way affairs and that no 
social variable has causal priority over any 
other. But this is not, in my view, a fruitful 
approach. Maybe most causal relations run 
in both directions but no doubt one direction 
is often much more important than the 
other, and if so this fact will be very interest- 
ing information to us. In particular, so long 
as we have to work with very rough and 
often non-quantitative models, the only 
way of gaining insight into the causal 
structure of the social system is to find out 
the principal directions of causal influence 
among the major social and environmental 
variables. 

In effect, hypotheses as to causal priority 
can always be translated into comparative 
dynamic hypotheses concerning the causal 
importance of the relevant social variables 
as initial conditions. For instance, Max 
Weber’s theory is essentially a hypothesis 
on what difference it would have made to 
later economic development in Western 
Europe if Protestantism had not figured 
among the initial conditions of the relevant 
period. Likewise, the Marxian theory on 
the causes of the Reformation is a hypothesis 
about what difference it would have made 
to Western European religious development 
if the economic conditions of late-medieval 
towns had been different. Of course, without 
the possibility of experimental testing 
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(and we cannot set up a society similar to 
Western European society of the relevant 
period, except for the absence of Protestant- 
ism, and then observe what will happen), 
hypotheses of this sort can be supported 
only by indirect evidence. As in other 
nonexperimental sciences, the analysis of 
historical facts may be a partial substitute 
for experimentation. For example, Max 
Weber was able to test his thesis up to a 
point by comparing the economic develop- 
ment of the Western European society with 
that of other societies with different religions 
but otherwise more or less similar social 
institutions. But of course observation is 
never a full substitute for experimentation. 
The societies Max Weber used for compari- 
son inevitably differed from Western 
European society in many other respects 
besides religion, e.g., in certain economic 
and political characteristics, and this 
involved the _ possibility of alternative 
interpretations for the historical facts. 

However, this type of historical evidence 
may be supplemented by study of the 
causal mechanisms operative in social 
development and by investigation of the 
dynamic behaviour of the relevant. social 
variables. 

What does it mean to ascribe causal 
pricrity to one subsystem of the social 
system over another? It essentially means 
to assume that, while the main aspects of 
the first subsystem’s development can be 
explained in terms of internal factors, i.e., 
in terms of interaction among its own 
variables, the second subsystem’s develop- 
ment has to be explained in_ essential 
respects in terms of influences coming from 
the first subsystem. Obviously all parts of 
the social system and all parts of culture 
show some measure of relatively autonomous 
development and on the other hand none of 
them can claim full autonomy. But the 
various subsystems seem to exhibit conspicu- 
ous differences as to the degree of autonomy 
they possess. Philosophy, art, religion, law, 
etc., may for a while apparently follow their 
own internal logic in their development, 
but soon this development takes an unex- 
pected turn, old ideas are abandoned tor no 
apparent good reason and new ideas emerge 


which in no way represent a further develop. | 
ment of the old. If an attempt is made to} 
explain these developments in terms of their 
internal logic alone they remain profound 
mysteries. But if we bring in external 
factors, such as social, political and economie 
changes, things become at once meaningful} 
and understandable. The economic system | 
(and even more so the larger system includ. 
ing, besides the economic variables, also 
technology, political organization and _ the 
size and composition of the population) 
shows a much higher degree of autonomy, 
If someone wants to explain Capitalism as 
a product of Protestant ethics he has to find 
an explanation for the emergence of Protes- 
tant ethics itself—presumably in terms of 
the autonomous evolution of Christian 
theology. But Max Weber himself admits 
that Protestant ethics is by no means a 
logically necessary implication of Protes- 
tant theology; indeed he thinks that fatalis- 
tie ethics would have been logically more 
consistent with the doctrine of predestina- 
tion. So the explanation of Protestant 
ethics in terms of autonomous theological 
developments fails at the very first step, 
and extra-theological social factors have to | 
be invoked to explain why the early Puritans 
adopted the ethical attitudes so highly 
favourable to the development of Capital- 
ism. On the other hand, if we try to explain 
Protestantism as a result of the social 
conditions prevailing in late-medieval towns, 
we have no fundamental difficulty in 
explaining how these social conditions | 
themselves emerged as a result of economic, 
technological and_ political developments. } 
Over relatively short periods, of course, 
practically any subsystem of the social 
system may show largely autonomous , 
developments, which may then have impor- 
tant effects on other parts of the social 
system. The point is only that in many 
subsystems such spells of relatively autono- 
mous developments tend to be soon inter- 
rupted by outside influences. Indeed, as 
Kroeber (1944) has pointed out, many 
fields of culture simply do not possess the 
ability to display continual development 
in one particular direction indefinitely: if no 
outside influence intervenes they will soon 
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exhaust their internal developmental 


1 possibilities and simply stop or exhibit 


endless repetition of the same patterns. 


CONCLUSION 


To sum up, we have tried to show that 
the fundamental problem of social science 
is to explain social facts in terms of a 
comparative dynamic theory of social develop- 
ment. 

We have argued that among explanatory 
variables special theoretical importance 
attaches to those which are relatively 
independent of the other variables of the 
social system, and which are therefore in 
a position to exert relatively independent 
causal influence on the other variables. 

On the basis of this criterion we have 
discussed six groups of important explana- 
tory variables, viz., (1) exogenous variables; 
(2) endogenous variables that mediate the 
influence of major exogenous variables; 
(3) endogenous variables with a high degree 
of stability (i.e. stable institutions and 
cultural traditions); (4) basic structural 
variables, which determine the _ values, 
interests and psychological needs of the 
members of the society and that way largely 
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determine the stability of other social 
variables; (5) accumulative variables, con- 
nected with the basic changes of society in 
the long run; (6) the variables that determine 
the rate of growth of the accumulative 
variables. 

We have used the same criterion of rela- 
tive causal independence also for judging 
the likely direction of causal influence 
between different subsystems of the social 
system. We have argued that a subsystem is 
more likely to have causal priority over 
other subsystems the more it is intrinsically 
capable of persistent autonomous long-run 
movements of its own, and the more it is 
able to preserve these movements against 
disturbing influences coming from other 
parts of the social system. 
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The prosperous middle classes, who ruled the nineteenth cen- 
tury, placed an excessive value upon placidity of existence. They 
refused to face the necessities for social reform imposed by the new 
industrial system, and they are now refusing to face the necessities 
for intellectual reform imposed by the new knowledge. The middle- 
class pessimism over the future of the world comes from a confusion 
between civilisation and security. In the immediate future there 
will be less security than in the immediate past, less stability. It 
must be admitted that there is a degree of instability which is in- 
consistent with civilisation. But, on the whole, the great ages have 


been unstable ages. 


A. N. WuirEHEAD, Science and the Modern World 
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factors in a situation where at least the 
‘scales’ of judgment were non-linguistic. 
Another purpose was to study the cross- 
cultural generality of visual synesthesia 
itself (and, indirectly, of metaphors based on 
visual analogies). Do the Navajo, like our- 
selves, see HAPPY as more up and SAD as 
more down? Do the Japanese, like ourselves, 
conceive of EXCITEMENT as colorful and 
CALM as colorless? And if certain differ- 
ences in visual metaphor do appear, can 
these be related to what we know about the 
differences in culture? A third purpose was 
to see if those terms in Navajo, Mexican- 
Spanish, and Japanese selected as transla- 
tion-equivalent to verbal opposites in 
English actually function as opposites in 
the meaningful judgments of non-Anglo 
subjects. Treating our paired visual alterna- 
tives as a sort of projective device, can the 
to be the 
mirror-image of those for BAD, for example? 
A final, and somewhat supplementary, 
purpose was to study similarities and differ- 
ences in the connotations of both color 
terms and actual color samples. Can it be 
shown, for example, that Navajos and 
Anglos may differ widely in their connota- 
tive meanings of the words “blue” and its 
correlate in Navajo, yet agree closely on 
their meanings for a specifie BLUE color 
chip? This analysis was restricted to the 
Navajo/Anglo comparison. 


METHOD 
Subjects 


The synesthesia experiment was run on 
four groups of subjects, each representing 
a different language/culture base. Two of 
these groups, 40 Navajos and 10 Mexican- 
Spanish subjects, were included in the 
Southwest Project on Comparative Psycho- 
linguistics (SWPCP), and the data were 
collected during the summer of 1956. Dr. 
Susan Ervin obtained the Navajo data and 
Dr. Sol Saporta obtained the Mexican- 


_ Spanish data. These subjects were, for the 


most part, rural people with little formal 


» education. During the following year, the 


writer collected control data from a group 
of 27 Anglos, graduate and undergraduate 
students in psychology at the University of 
Illinois. The 20 Japanese subjects were 


“completely 


either staff or students at the University of 
Illinois, but had been in this country less 
than two years; Mr. Hiroshi Azuma col- 
lected these data, as a research project in 
the author’s course in psycholinguistics. It 
should be noted, first, that all but the Anglo 
subjects were bilingual to some degree with 
respect to English, and, second, that there 
are marked differences in education (and 
perhaps intelligence) between the Anglo and 
Japanese groups on the one hand and the 
Navajo and Mexican-Spanish on the other. 
The phenomena of visual synesthesia with 
which we are dealing here may be largely 
independent of these variables, but never- 
theless they should be kept in mind in inter- 
preting the results. 


Materials 


The verbal concepts used in this study are 
listed in Table 1. They include some of both 
the polar terms and the concepts used in the 
verbal ‘semantic differential 
developed by Suci for SWPCP. They also 
include some color terms, for purposes of 
comparison with other experiments in the 
Southwest Project in which actual color 
chips were judged. Although the concepts 
are given here only in English, in administer- 
ing the experiment the translation-equiv- 











TABLE 1 
VERBAL Concepts USED IN SYNESTHESIA 
)XPERIMENT 
1. HEAVY | *10. QUIET *20. NOISY 
2. GOOD 11. BLUE *21. GREY 
3. FAST 12. BAD 22. SLOW 
4. HAPPY 13. LIGHT 23. WHITE 
*§. UP *14. DOWN 24. CALM 
*6. ENERGETIC 15. BLACK 25. MAN 
*7. LOOSE 16. WOMAN 26. YELLOW 
8. STRONG *17. LAZY 27. WEAK 
9. EXCITEMENT *18. TIGHT 28. SAD 
19. GREEN 








Pictorial Alternatives Used in Synesthesia 
Experiment 
(see Figure 1) 


| | 
1. up-down | 5. thick-thin 10. rounded-an- 
2. vertical-horizontal | 6. dark-light | gular 
3. homogeneous-het- | 7. erooked- | *11. diffuse-con- 
erogeneous straight | centrated 
4. colorless-colorful | 8. hazy-clear | 42. large-smaill 
| *9. blunt-sharp *13. near-far 








* These concepts and visual alternatives were omitted in the 
materials given to Mexican-Spanish subjects. 
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alent terms in the subject’s native language 
were given by the experimenter or inter- 
preter. The equivalents for Japanese were 
determined by the back-translation tech- 
nique (using different bilinguals in the two 
stages). Despite the extreme care exercised 
by the SWPCP linguists and by Mr. Azuma 
in achieving close translation-equivalence, 
perfect equivalence is probably impossible, 
and this is therefore another possible source 
of apparent differences in visual synesthetic 
tendencies across language groups.! 


1 Mr. Azuma, for example, reports several cases 
of only partial equivalence: the Japanese ‘‘karu-i,’”’ 
the equivalent of LIGHT, is used only with re- 
spect to weight, not also with respect to illumi- 
nation, as in English; ‘“‘reisei-na’’ (CALM) refers 
exclusively to emotional states, not being extended 
to weather, etc., as in English; ‘‘otoko’’ means 
male human and is not extended to human beings 
in general as is MAN in English; ‘“‘haya-i,’’ on 
the other hand, includes the notion of early as 
well as FAST. 


The visual alternatives, or ‘scales,’ used 
in this study are displayed in Figure 1 and 
listed verbally in Table 1. The labelling of 
these visual alternatives is somewhat arbi- 
trary and is done only to facilitate talking 
about them. The subjects were given no 
verbal characterizations, although they may 
well have done some spontaneous labelling. 
Each pair of visual alternatives was drawn 
on a single card, so that the order of presen- 
tation could be varied if desired; the left- 
right orientation on each card was as shown 
in Figure 1. 


Procedure 


The general procedure was to name one of « 
the concepts to be judged and then run 
through the series of cards, having the sub- ; 
ject point to or otherwise indicate which of 
the two visual alternatives on each card 
seemed most appropriate to that concept. 
Then the next concept would be named and 
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run through in the same fashion. Thus, in 
effect, the subject judged whether HEAVY 
(in his own language) seemed more up or 
down, vertical or horizontal, homogeneous or 
heterogeneous, and so forth through the 13 
alternatives; then he did the same thing 
for the concept GOOD, and so on through 
the test. 

There were some minor variations in 
procedure that may be noted, even though it 
is doubtful that they would have much effect 
on such a simple judgment process. For 
Navajo, Japanese, and Anglo subjects, the 
order of presenting the concepts was as given 
in Table 1; the order for the Mexican- 
Spanish subjects was different. Also, for the 
Mexican-Spanish group, certain concepts 
and ‘scales’ were omitted (those shown by 
asterisks in Table 1). The Navajo, Mexican- 
Spanish, and Japanese subjects were tested 
individually, each concept being spoken 
aloud before its series of judgments (and 
repeated whenever necessary). The Anglos 
were tested in two groups, the visual alterna- 
tive cards being handed around from subject 
to subject in regular, repeating sequence; 


( they indicated their judgments by marking 
_ “LL” (left) or “R” (right) in the appropriate 


row, defined by printed concepts, and 
appropriate column, defined by number 1 to 
13 for the ‘scales.’ For the Navajo and 
Japanese subjects the order of presenting 
‘scales’ was randomized within subjects; 
for the Mexican-Spanish subjects the order 
of ‘scales’ was simply reversed on alternate 
concepts; for the Anglos the order was con- 
stant for all concepts. The direction, left to 
right, for each visual alternative card was 
constant for all subjects and groups. 








RESULTS 
Intra-cultural synesthetic tendencies 


The first step in the treatment of the 
data was to compute the percentages of 
subjects in each group choosing each of the 
visual alternatives for each verbal concept. 
In other words, before comparing across 
language/culture groups, we want to deter- 


_ Mine the consistencies of synesthetic tend- 


encies within each group. Table 2 presents 
these data. Since there were only two 
alternatives for each judgment, the propor- 
tion choosing one is always the reciprocal of 
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the proportion choosing the other, and there- 
fore only the percentage choosing the 
alternative listed at the top of each column 
is given, e.g., the fact that only .07 Anglos 
chose up means that .93 of them chose down 
as appropriate to HEAVY. To conserve 
space, the data for all four groups are in- 
cluded in this table, the first per cent in 
each quadruplet giving the Anglo data (A), 
the second the Navajo data (N), the third 
the Mexican-Spanish (S), and the last the 
Japanese data (J). 

If we are to conclude that a particular 
synesthetic tendency is shared by the mem- 
bers of a cultural group, then we must show 
that a significant proportion of that group 
made the same choice. Accepting the 1% 
level of confidence as a conservative cri- 
terion of significant agreement within a 
group (except for the Mexican-Spanish, 
where the small N makes the 5% level seem 
more appropriate), then approximately 
20/27 Anglo subjects (percentage values 
greater than .74 or less than .26 in Table 2), 
28/40 Navajo subjects (percentages greater 
than .68 or less than .32), 8/10 Mexican- 
Spanish subjects (percentages greater than 
.79 or less than .21) and 16/20 Japanese 
subjects (percentages greater than .80 or 
less than .20) must choose the same way for 
the relationship to be considered non- 
chance. 

Inspecting Table 2 with such criteria in 
mind, we find, for example, that Anglos 
agree among themselves that HEAVY is 
down, colorless, thick, dark, concentrated, and 
near; Navajos see HEAVY as thick, dark, 
crooked, blunt, large and near; Mexican- 
Spanish see it as down, horizontal, heterogene- 
ous, thick, dark, crooked, hazy, and large; 
Japanese agree among themselves that 
HEAVY is down, colorless, thick, dark, 
crooked, hazy, concentrated, large, near, and 
blunt. The synesthetic associations for other 
concepts in Table 2 can be explored by the 
reader. 

If these intra-cultural synesthetic tend- 
encies were chance-like in their occurrence, 
we would expect about as many items to 
reach significance as the level of confidence 
we select, i.e., 1% of them. The fact of the 
matter is that 52% of all items for Anglos, 
30% of all items for Navajos, 50% of all 
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TABLE 2 


VisuaL ALTERNATIVES DeFIninc Eacnh CoLuMN As BEING APPROPRIATE TO THE 
VERBAL Concept Derinina Eacu Row. 


MEXICAN-SPANISH (S) AND JAPANESE (J) CHOosING THE 
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(A) 
(N) 
(S) 
(J) 

GOOD 
(A) 
(N) 
(S) 
(J) 

FAST 
(A) 
(N) 
(S) 
(J) 

HAPPY 
(A) 
(N) 
(S) 
(J) 
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(S) 
(J) 
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BAD 
(A) 
(N) 
(S) 
(J) 

LIGE 
(A) 
(N) 
(S) 
(J) 

DOW 
(A) 
(N) 
(S) 
(J) 

BLA( 
(A) 
(N) 
(S) 
(J) 

WOM 
(A) 
(N) 
(S) 
(J) 

LAZY 
(A) 
(N) 
(S) 
(J) 

TIGH 
(A) 
(N) 
(S) 
(J) 

GRE! 
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(N) 
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(S) 
(J) 

SLOV 

(A) 
(N) 
(S) 
(J) 
WHI’! 
(A) 
(N) 
(S) 
(J) 





THE 


ar 


1* 
0 








ss 
oso 
mmm we ee 


Cross-CULTURAL GENERALITY OF VISUAL-VERBAL SYNESTHETIC TENDENCIES 151 


a aiananceseamensesaten 


BAD 
(A) 
(N) 
(S) 
(J) 

LIGHT 
(A) 
(N) 
(S) 
(J) 

DOWN 
(A) 
(N) 
(S) 
(J) 

BLACK 
(A) 
(N) 
(S) 
(J) 

WOMAN 
(A) 
(N) 
(S) 
(J) 

LAZY 
(A) 
(N) 
(S) 
(J) 

TIGHT 
(A) 
(N) 
(S) 
(J) 

GREEN 
(A) 
(N) 
(S) 
(J) 

NOISY 
(A) 
(N) 
(S) 
(J) 

GREY 
(A) 
(N) 
(S) 
(J) 

SLOW 
(A) 
(N) 
(S) 
(J) 

WHITE 

(A) 

(N) 

(S) 

(J) 
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TABLE 2—Continued 
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* Items where all three groups (Mexican-Spanish excluded) make the same choices at the 1% level 


of significance. 


+ Items where one of the three groups (Mexican-Spanish excluded) makes a significant (1% level) 


deviant choice. 


items for Mexican-Spanish, and 44% of all 
items for Japanese reach this conservative 
criterion. In other words, when 28 verbal 
concepts are judged against 13 different 
visual alternatives in all possible combina- 
tions (364 items), approximately half of the 
items yield evidence for consistent intra- 
cultural synesthesia. 


Cross-cultural synesthetic tendencies 


The principal purpose of this research 
was to explore similarities and differences in 
synesthetic tendencies across language/cul- 
ture groups. To the extent that peoples in 
two cultures share a common basis for 
synesthesia, the deviations from a 50/50 
selection of alternatives should be in the 
same direction. Thus if more Anglos judge 
EXCITEMENT to be large rather than 
small, more Navajos should make this 
choice rather than the reverse, «nd similarly 
throughout all items and all group compari- 


sons. Our first test of shared synesthetie 
tendencies, then, is to compute, for each 
pair of groups, the percentage of items 
yielding the same direction of choice. For 
Ango vs. Navajo groups we find 65% of 
364 items agreeing in direction; for Anglos 
vs. Mexican-Spanish 72 % of 190 items agree; 
for Anglos vs. Japanese 78% of 364 items 
agree; for Navajo vs. Mexican-Spanish 61 % 
of 190 items agree; for Navajo vs. Japanese 
71% of 364 items agree; and for Mexican- 
Spanish vs. Japanese 69% of 190 items agree 
in direction. Although these percentages 
may not appear impressive in size, they are 
nevertheless significant at beyond the .005 
level of confidence. The most conservative 
test of significance was used here, counting 
items where choices were 50/50 with the 
disagree proportion and using a two-tail 
test. 

The preceding test includes many items 
where the synesthetic tendency in one or 





C 


both g) 
all iter 
counts 
meanir 
those 

compa. 


agreem 
each 


groups 
directi: 
directi: 


For 


HEAV 
GOOD 
FAST 
HA PP 2 
UP 
ENER 
GET 


| LOOSI 
STRO} 
_EXCI" 
MED 
QUIE' 
BLUE 


BAD 


, LIGH"’ 
(weil 
DOWN 


| BLAC 
WOMA 
| LAZY 
. TIGH’ 


GREE 
NOIS\ 


GREY 
SLOW 





, WHIT 
CALM 

_ MAN 
YELL 
WEAK 
SAD 








5 


—=-aj 


() 


ate 





both groups is essentially chance, and gives 
all items equal weight (e.g., a 19/21 split 
counts as much as a 2/38 split). A more 
meaningful test, therefore, is to count only 
those items for which both groups being 
compared yield significant within-group 
agreement. In other words, if the subjects in 
each of two different language/culture 
groups agree among themselves as to the 
direction of synesthetic association, is the 
direction favored the same for both groups? 
For Anglos vs. Navajos there were 73 
ANGLOS, NAVAJOS AND JAPANESE 
AGREE THAT: 
HEAVY is down, thick, dark and near. 
GOOD is homogeneous and bright. 
FAST is thin, bright, and diffuse. 
HAPPY is colorful and bright. 
UP is up and diffuse. 
ENER- is colorful. 
GETIC 
\ LOOSH: is hazy, rounded and blunt. 
| STRONG 
| EXCITE- is colorful. 
MENT 
QUIET is horizontal. 
BLUE 
BAD is heterogeneous, cclorless, thick, 
dark and crooked. 
| LIGHT is thin and bright. 
(weight ) 
DOWN is down and crooked. 
BLACK is colorless, dark, thick, and con- 
centrated. 
WOMAN is colorful, thin and bright. 
' LAZY is blunt. 
, TIGHT is clear and angular 
GREEN is colorful. 
NOISY is crooked. 
GREY 
SLOW is down, horizontal and blunt. 
, WHITE is thin and bright. 
CALM is bright. 
_ MAN is thick. 
YELLOW is colorless, bright and hazy. 
WEAK is thin and bright. 
| SAD is colorless. 
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items where both groups yielded significant 
within-group agreement; of these 86% were 
in the same direction of synesthetic associa- 
tion. For Anglo vs. Mexican-Spanish, 67 
items met these criteria and 100% of them 
were in the same direction of association. 
For Anglos vs. Japanese, 98 items were 
significant for both and 99% (all but one) 
were in the same direction. For Navajos vs. 
Mexican-Spanish, we have 49 common 
significant items yielding 96% agreement. 
For Navajos vs. Japanese 90% of 71 shared 





TABLE 3 


SIGNIFICANT (AppROX. .01 LEVEL) SYNESTHETIC AGREEMENTS AND DISAGREEMENTS 


AMONG ANGLO, NAVAJO AND JAPANESE GROUPS 








ANGLOS, NAVAJOS AND JAPANESE 
DISAGREE ON WHETHER: 





HEAVY is crooked (A) or straight (N, J) 

HAPPY is rounded (A) or angular (N, J). 

UP is large (IN) or small (J). 

ENER- is heterogeneous (A) or homo- 

GETIC geneous (N); is thin and light 

(N) or thick and dark (J). 

BLUE is thick, dark and straight (A) or 
thin (J), or light and crooked 
(No: 

BAD is angular (A) or rounded (N); is 
blunt (N) or sharp (J). 

LIGHT is clear (N) or hazy (J). 

DOWN is thick (A, J) or thin (N); is hazy 
(N) or clear (J). 

LAZY is straight (A) or crooked (N). 
TIGHT is dark and small (A, J) or bright 
and large (N). 

GREEN is thin and diffuse (A, J) or thick 
and concentrated (N). 

GREY is thin (N) or thick (J). 

SLOW is thick (A, J) and dark (A) or thin 
and bright (N). 

CALM is large (A) or small (N). 

WEAK is colorless (N) or colorful (J). 

SAD is blunt (A, N) or sharp (J). 








| 
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significant items show the same direction of 
choice. For the Mexican-Spanish/Japanese 
comparison, 97% of 58 common significant 
items agreed in direction. It is clear that 
when we count only those items for which 
the groups being compared both show intra- 
cultural consistency, the cross-cultural agree- 
ment becomes very impressive indeed. 
Although the Navajo group shows slightly 
lower agreement with the other groups, all 
of these percentages are significant at well 
beyond the .001 level of confidence. 

Having demonstrated over-all generality 
of synesthetic relationships, we may now 
consider specific agreements and—particu- 
larly—disagreements. Table 3 summarizes 
this information. It is restricted to compari- 
sons among Anglos, Navajos, and Japanese; 
not only does the small N for Mexican- 
Spanish limit the possible significance of 
comparisons, but the other three groups 
represent extreme variations in both lan- 
guage families and culture. While inspecting 
Table 3 it should be kept in mind that 
thick, near, homogeneous, etc., refer to the 
visual alternatives shown in Figure 1. 

A few of the significant agreements are 
artifactual, e.g., that UP is up and that 
BLACK is colorless. But most of the signifi- 
cant agreements across the Anglo, Navajo, 
and Japanese groups bring out what we feel 
intuitively to be appropriate synesthetic 
relations in our own languages of aesthetics 
and metaphor. Thus FAST is thin, bright, 
and diffuse; LOOSE is hazy, rounded and 
blunt; ENERGETIC and EXCITEMENT 
are colorful; BAD is heterogeneous, colorless, 
thick, dark, and crooked; NOISY is crooked; 
SLOW is down, horizontal, and blunt; and so 
forth.? The visual alternatives selected here 
are not denoted by the verbal concepts and 
their translation equivalents; rather, they 
are connoted on a synesthetic (or meta- 
phoric) basis. 

The significant disagreements are open to 
a number of different interpretations: (1) 
Differences in the metaphorical extensions 
of the visual dimensions themselves. This 
may be the case as between Anglos and 


2 The one case of cross-cultural agreement that 
goes against the writer’s intuitive grain is that of 
CALM being seen as bright, but in this he must 
be idiosyncratic. 
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Japanese, on the one hand, and Navajo on{ 
the other, for the scales thick-thin, dark. | Corre: 
light and straight-crooked. (2) Differences in | Oppos 











the denotative meanings of verbal concepts, ey 
and hence unsuccessful translation. This ig _ 
certainly the case for Anglo vs. Navajo 

meanings of BLUE (ef., results for color 

study below). (3) Differences in the connota- { 

tive implications of translation-equivalent a. 
verbal concepts. This may be the case for ap. 
Anglo vs. Navajo meanings of ENER-§ pasr-s 
GETIC, LAZY, FAST, SLOW, and] HAPPY 
TIGHT. It is obviously impossible to choose | UP-DO 
among these alternative interpretations on / ers 
the basis of these data alone. In passing it ae 
may be noted that there were almost four{ srRON 


times as many significant disagreements } EXCIT 








between Navajo and the other two groups} — CAL 
as between Anglo and Japanese. ona 
Correlation matrices » QUIET 
The percentage table for each group, } ~ ma 
combined as Table 2, can be used to generate raaaong 
two correlation matrices: (A) Concept correla- here, 
tion matrix. Here we correlate each concept | oneul 
with every other concept (rows of Table arty 
2) across the n visual dimensions (columns), \ ,. ( th 
n being 13 for Anglo, Navajo, and Japanese = le 
correlations and 10 for the Mexican-Spanish Sapien 
correlations. This generates a 28/28 matrix | “© va 
of intercorrelations for the three main — 
groups and a 19/19 matrix for the Mexican- “ii 
Spanish. Here we are using the visual Jopan 
alternatives as a set of ‘ink blots’ and we ali 
want to know how the various verbal con- he 


cepts relate to each other. Do GOOD and the 

ENERGETIC, for example, ‘mean’ more oe 4 
nearly the same thing to the Navajo than to vate 
American Whites, in the sense that the tions 
pattern of choices by the Navajo for these = li 
concepts is more similar? (B) Visual- “agp 
alternative correlation matrix. Here we ot 
correlate each visual dimension with every “9 . 
other (columns) across the set of N concepts ine 
(rows), N being 28 for the three main groups } cepts 


and 19 for Mexican-Spanish. This g generates | altern 
a 13/13 (or 10/10 for Mexics ne "oe 
matrix of intercorrelations. Here we are | numb 
interested in relationships among the visual a 
dimensions themselves. Does the selection ', ment 
of dark vs. light tend to correlate with the | $1.75 | 
selection of thick vs. thin, for example, } Tequir 
across the set of verbal concepts for all four “A C 

ongr 


groups? Due to the magnitude of these 
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TABLE 4 
CORRELATIONS BETWEEN STANDARD VERBAL 
OpposITEs (IN ENGLISH) Across VisuAL AL- 
TERNATIVES FOR ANGLO, Navaso, MEXICAN- 
SPANiSH AND JAPANESE SUBJECTS 








—— 























MEXI 
ANGLO |NAVAJO| GAN” | JAPA: 
ISH 
MEAVY-LIGHT | —.87 | —.83| ~.81) —.08 
GOOD-BAD —.92 | —.91 | ~.86 | ~. 25 
FAST-SLOW —.61 47 | —.73| —.82 
HAPPY-SAD —.73 | —.66 | —.89 | —.85 
UP-DOWN —.39 | —.72 — .58 
ENERGETIC- on OE | —.16 
LAZY 
LOOSE-TIGHT | —.84 | —.58 — .96 
STRONG-WEAK | —.89 | —.71 | —.45 | —.90 
EXCITEMENT- | —.75 | —.21 | —.54| —.72 
CALM | 
BLACK-WHITE | —.82 | —.47 | —.75 | —.55 
MAN-WOMAN —.86 | —.35 | —.70 | —.91 
QUIET-NOISY | —.95 | —.62 — .92 





correlation tables, they are not reproduced 
here,* but the results are summarized in the 
factor analyses to be reported in a later 
section. 

(A) Concept matrices. One specific ques- 


* tion that can be answered from the concept 
_ correlation matrices is this: do terms that 


are translation-equivalent to standard verbal 
opposites in English function as semantic 
opposites in Navajo, Mexican-Spanish, and 
Japanese? If they do function in this fashion, 
then the profile of choices for GOOD, say, 
should be reciprocal to that for BAD and 
hence yield a high negative correlation across 
the visual alternatives. Table 4 summarizes 
the data on this question, i.e., the correla- 
tions between concepts that are standard 
opposites in English for the various lan- 
guage/culture groups. The consistent nega- 
tive r’s in this table permit us to conclude 
with confidence that Navajo, Mexican-Span- 
ish, and Japanese groups do treat these con- 
cepts functionally as opposites. If one visual 
alternative is chosen as appropriate to 

’ These data have been deposited as Document 
number 6240 with the ADI Auxiliary Publications 


* Project, Photoduplication Service, Library of Con- 


gress, Washington, 25, D.C. For a copy, cite docu- 
ment number and remit $2.50 for photoprints, or 
$1.75 for 35 mm. microfilm. Advance payment is 
required. Make checks or money orders payable 
to: Chief. Photoduplication Service, Library of 
Congress. 


HAPPY (say, the light circle), we can pre- 
dict that the other alternative will be chosen 
as appropriate to its opposite, SAD (the 
dark circle). Since the alternatives associated 
with the verbal concepts are not themselves 
verbal, and further, since the verbal oppo- 
sites appeared independently and widely 
separated in the test, this seems to be an 
adequate demonstration of functional op- 
position. The oppositions are not as polar 
for the Navajo as for the other groups, but 
whether this is due to lower reliability, to 
inaccurate translation, or to a less clear 
conception of opposition cannot be told 
from these data. Several exceptions to the 
rule may be noted in Table 4: The glaring 
exception is the positive correlation between 
FAST and SLOW for the Navajo; we will 
consider this in discussion. It can also be 
seen that UP-DOWN functions less clearly 
as an opposition for Anglos than for the 
other groups, that ENERGETIC-LAZY is 
hardly a functional opposition for the 
Japanese, and that EXCITEMENT-CALM 
and MAN-WOMAN are less clear opposi- 
tions for the Navajo than for the other 
groups. 

Highly significant agreements across all 
language/culture groups for other than 
direct opposite relations are shown in Table 
5 (A). Again, because of the small sample 
and missing items, the Mexican-Spanish 
data are not included (but inspection indi- 
cates that with no exceptions the relations 
shown here also apply to this group). To 
facilitate visual inspection, relations are 
repeated in clusters for each verbal concept 
(e.g., the GOOD/HAPPY correlations ap- 
pear both in the GOOD cluster and in the 
HAPPY cluster). Some of these consistent 
relations seem to reflect nothing more than 
we would expect from the commonness of 
human beings and their physical environ- 
ments: it is GOOD to be HAPPY and BAD 
to be SAD; LIGHT (weight) things tend to 
be FAST and EXCITEMENT tends to be 
NOISY; TIGHT musculature is associated 
with STRONG and LOOSE musculature 
with WEAK; MAN tends to be STRONGer 
than WOMAN, and WOMAN is LIGHTer 
(weight). Other consistent relations across 
these cultures suggest ‘true’ shared meta- 
phors: subjects tend to make the same 
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synesthetic choices for WHITE as they do 
for GOOD, CALM, and FAST; opposed 
synesthetic choices are made for LIGHT 
(weight) vs. BLACK (i.e., BLACK has a 
“heavy” connotation); the choices for 
WOMAN are similar to those for YELLOW, 
but opposed to those for BLACK. 

Table 5 (B) lists the most extreme cases 


OsGoop 


of disagreement among these three lan. 
guage/culture groups in concept correlations, 
Since the disagreements clearly cluster in 


terms of certain key verbal concepts, the | 
table is organized on the basis of such clus. ; 


ters. The Navajo use ENERGETIC in the 
same visual metaphors as they do GOOD, 
STRONG, HAPPY, and TIGHT (and the 


TABLE 5 


A. Concept CorRRELATIONS FOR WHICH ANGLOS, NAVAJOS AND JAPANESE DisPLay 
Agreement 1N DirecTION (r > +.50) 











A N J A N J 

GUOD/HAPPY .88 .86 .81  BAD/HAPPY ~~ wae . <2 

GOOD/SAD —.56 —.77 —.74  BAD/SAD 57 80 .80 

GOOD/WHITE 78 .59 .52 BAD/WHITE ~ 2 «£8 > 

HAPPY/GOOD .88 .86 81 SAD/GOOD — see, wee 

HAPPY/BAD —.93 —.87 —.87 SAD/BAD .57 .80 .80 
SAD/ENERGETIC ~ 2. =. aa 

LIGHT (wt.)/FAST .70 .50 .57 

LIGHT (wt.)/BLACK A ae: eee 

LIGHT (wt.)/WOMAN .53 .53 81 

FAST/LIGHT (wt.) .70 50 .57 

FAST/WHITE 60 82 .60 

ENERGETIC/ .94 65 56 

EXCITEMENT 

ENERGETIC/SAD — fae ee 

EXCITEMENT/ .94 .65 .56 CALM/QUIET 90 68 61 

ENERGETIC 

EXCITEMENT/NOISY 95 .52 .88 CALM/WHITE 62 52 55 

TIGHT/STRONG .83 66 .62 LOOSE/STRONG ~ 2 eR 
LOOSE/WEAK 83 75 51 

STRONG/TIGHT 83 66 62  WEAK/LOOSE 83 75 51 

STRONG/LOOSE SS a | 

STRONG/MAN 71 .80 .838  WEAK/MAN ie i 

MAN/STRONG 71 .80 .83. WOMAN/LIGHT 53 53 81 
(wt.) 

MAN/WEAK —.79 —.65 —.82 WOMAN/YELLOW 65 61 87 
WOMAN/BLACK —.66 —.57 —.8 , 

NOISY/EXCITEMENT 95 52 .88 QUIET/CALM 90 68 61 

WHITE/GOOD .78 59 .62. BLACK/LIGHT eee ee 
(wt.) 

WHITE/FAST 60 82 .60  BLACK/WOMAN ie ee 

WHITE/CALM .62 52 .55 BLACK/YELLOW — ae 

WHITE/BAD ae ie 

YELLOW/BLACK ie =o ey 

YELLOW/WOMAN 65 61 .87 
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an- TABLE 5—Continued 
ms, B. Some Extreme Disagreements 1n Concept CORRELATIONS BETWEEN ANGLOS, 
in NAVAJOS AND JAPANESE 
the 
aad A N J A N J 
the 
yD, | ENERGETIC/GOOD 05 .87 .30 LAZY/GOOD 14 —.84 —.10 
the | ENERGETIC/STRONG 26 .76 .28  LAZY/BAD ath: tess ee 
, ENERGETIC/TIGHT .02 .69 06 LAZY/HAPPY —.04 —.80 .27 
LAZY/SAD .65 77 —.10 
ENERGETIC/NOISY 89 .O8 .48 LAZY/NOISY — .80 04 —.27 
~~ | TIGHT/HAPPY 66 .78 —.73 LOOSE/HAPPY BD ee 
-TIGHT/BAD .58 .78 .69 LOOSE/BAD —.44 .55 —.59 
— | TIGHT/DOWN .562. —.44 81 LOOSE/DOWN — .39 64 —.66 
87 |‘ TIGHT/GOOD .56 .83 44 LOOSE/SAD —.19 57 =—.53 
80 | TIGHT/BLACK es,” ia ‘ 
64 | TIGHT/WHITE .49 .62 .48 N 
TIGHT/SAD .21. —.67 .53 
74 
80 FMAN/BAD 44 —.39 3d 
60 'MAN/DOWN 49 —.10 .79 WOMAN/DOWN — .68 16 —.80 
|MAN/CALM “a «8.2 
| FAST/ENER( rETIC . 46 .54 -46 SLOW/CALM .64 .67 .06 
FAST/HAPPY .39 .68 16 SLOW/LIGHT (wt.) — .45 62 —.35 
SLOW/WHITE —.10 67 —.21 
/STRONG/GOOD 44 .66 12 
'STRONG/BAD 48 -.68 21 
STRONG/HAPPY .56 47 .14 EXCITEMENT/ —.638 —.56 .08 
STRONG/SAD 25 = 98 .03 SAD 
STRONG/EXCITE- .34 .69 .13 
MENT 
61 
BLUE/EXCITEMENT .55 .60 . 26 GREEN/HAPPY .80 —.02 .70 
55 BLUE/QUIET .58 —.22 04 GREEN/LIGHT -70 —.64 .57 
' (wt.) 
51 BLUE/NOISY .56 .50 .02 GREEN /WHITE 538 —.45 46 
5] BLUE/SAD ‘67 —.05 —.22 GREEN/BLACK i: Sec ae 
BLUE/ENERGETIC .67 .18 .02 GREEN/DOWN —.73 .20 —.66 
51 BLUE/LAZY .62 —.14 15 GREEN/HEAVY — .53 55 —.45 
BLUE/YELLOW .38 .70 64 GREEN/STRONG — .63 .52 —.64 
gg BLUE/GREEN 01 .66 .59 GREEN/MAN — .55 .60 —.68 
8] |GREY/CALM to .80 .08 YELLOW/STRONG — .89 ll —.83 
GREY/MAN .69 —.74 .32 YELLOW/TIGHT —.75 10 —.77 
g7 GREY/WOMAN . ee ee 
65 .74 .28 





gj GREY/WEAK 





A 


reverse for LAZY); for Anglos and Japanese 
these concepts are essentially unrelated, 
except that ENERGETIC goes with NOISY 
‘(and LAZY the reverse), which is not the 
case for Navajos. Similarly we find the 
Navajo using TIGHT and LOOSE in 
clearly different metaphorical relations than 
do Anglos and Japanese, TIGHT being 
used like HAPPY, GOOD, and WHITE 


(and the reverse for LOOSE); the other two 
cultures reverse these relations systemati- 
cally. MAN behaves like DOWN, and 
WOMAN more like UP, for Anglos and 
Japanese, but there is no relation for the 
Navajo; yet Anglos and Navajos agree, in 
contradistinction to the Japanese, in seeing 
MAN as unlike CALM. The FAST/SLOW 
relations are confused—the Japanese are 








TABLE 6 
A. VisuaL-ALTERNATIVE CORRELATIONS FOR 
Wuicnh ANGLOS, NAVAJOS, JAPANESE AND 
MEXICAN-SPANISH DispLaAy Agreement 1N D1- 
RECTION (r > +.35) 























A | N J MS 
up/colorful .75 | .36 | .68 | .51 
up/diffuse .83 | .44] .75| — 
vertical/sharp 43 | 44) 61) — 
homogen./straight | .74| .73 | .78 | .66 
colorless/dark | .64| .64] .51] .57 
thick/dark | .94 | .90| .92 | .91 
thick/concent. .73 | .64 |] .59 | — 
dark/concent. | .84 | .47) .55] — 
blunt/rounded | .87 | .54 | .73 | .00* 
large/near | .86 | .37 | .65 or 


*M-S data not used as criterion. 


B. Some ExtreME Disagreements 1IN VISUAL- 
ALTERNATIVE CORRELATIONS BETWEEN AN- 
GLos, NAVAJOS, JAPANESE AND MEXICAN-SPAN- 
ISH GROUPS 

















A N J MS 

N and MS vs. A and J 

homogeneous/angu- |—.65 | .58 |—.54 | .22 

lar 

colorless/hazy —.21 .16 |—.52 | .44 

thick/hazy —.20| .58 |—.31 | .70 

dark/hazy —.27 .56 |—.32 | .88 

dark/rounded —.29 .26 |—.45 | .30 

crooked/rounded — .48 .61 |—.38 | .53 

angular/large — .33 67 |—.31 | .31 
N vs. A, J, and MS 

vertical/large —.04 .59 |—.18 | .05 

heterogeneous/blunt |—.77 | .41 |—.66| — 

crooked/blunt — .49 .43 |—.33 | - 

clear/diffuse — .33 .49 |— .56 — 

sharp/large —.35 | .45/—.49] - 
A vs. N, J, and MS 

dark/crooked 04 56 .82 | .63 

diffuse/large .63 .03 |—.09 | - 

diffuse/far .08 .48 43 
J vs. A, N, and MS 

hazy/far —.08 |—.16 | .46 

hazy/crooked 52] .85| .04] .76 
N vs. J (others neutral) 

colorful/rounded — .04 |—.438 .49 | .09 
the divergent group in FAST/ENER- 
GETIC, FAST/HAPPY, and SLOW/ 


CALM correlations, but the Navajo diverge 
from the other two groups for the SLOW/ 
LIGHT (weight) and SLOW/WHITE cor- 
relations. The Navajo see STRONG as 
most like the positive evaluators, GOOD 
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and HAPPY, and like EXCITEMENT; 
the Anglos, surprisingly, see STRONG ag 
more like negative evaluators; the Japanese 
treat STRONG as essentially independent 
of (uncorrelated with) evaluative concepts, ; 
On the color terms we find very systematie, 
differences: the concept BLUE is clearly 
used differently by the Anglos than by the 
Navajos and Japanese; by the former it is 
used like QUIET, SAD, and LAZY and is! 
uncorrelated with YELLOW or GREEN; 
by the latter it is used like the other color 
terms. The concepts GREEN and YEL-| 
LOW, on the other hand, are handled 
similarly by the Anglos and Japanese, but 
‘deviantly’ by the Navajo, who see GREEN | 
as related to HEAVY, STRONG, and MAN | 
and who see YELLOW as independent of, 
STRONG and TIGHT (this color being 
significantly NOT-STRONG and NOT- 
TIGHT for the other two groups). Finally, 
the Japanese are ‘deviant’ in the use of 
GREY, failing to use it like CALM, WEAK, 
and WOMAN, as do the Anglos and Navajo. 

(B) Visual-alternative matrices. These | 
correlation matrices indicate which visual 
dimensions tend to be used the same or 
different ways in differentiating the 28 ver- 
bal concepts. Table 6 (A) lists the agree- 
ments across groups in use of visual dimen- 
sions and Table 6 (B) gives the most notable 
disagreements. Since the data for the Mexi- 
can-Spanish seem particularly relevant here, 
and were based on correlations over 19 
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concepts, they are also included. The clearest 
relationships within the visual frame of 


reference for all groups are that up goes | 


Figure 
drawit 


with colorful and diffuse; dark goes with | were r 


colorless, thick, and concentrated; and _ thick 
goes with dark and concentrated (and the 
opposites of these terms, of course, showing 
the reverse relations). Other specific agree- 
ments: vertical functions like sharp; ho- 
mogeneous is seen as being like straight (not 
crooked); while blunt is seen to be like 


w 


Correl 


One 
the sin 
tender 
tion 1 
the m 


rounded (not angular); and, quite reason- ¢the ty 


ably, large goes with near. These relation- 
ships within the visual framework will be 
found (below) to contribute heavily to the 
major factors extracted from the visual- 
alternative matrices. 


The disagreements among 
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culture groups shown in Table 6 (B) are 
interesting. The largest number of disagree- 
ments separate the Navajo and Mexican- 
Spanish, on the one hand, from the Anglos 
which could be 
due to either geographical (visual locale) 
or education-literacy differences. Navajos 
and Mexicans in the Southwest agree (in 
contradistinction to Anglos and Japanese): 
in seeing homogeneous as like angular; 





QN;| colorless, thick, and dark as being like hazy; 
olor, dark and crooked as being like rounded; and 
EL- angular as being large. Navajos ‘deviate’ 
lled from the other groups: in relating vertical 


but| with large; heterogeneous (rather than 
EN | homogeneous) and crooked (rather than 
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straight) with blunt; clear with diffuse; and 
sharp with large. It is possible that the 
Mexican-Spanish would have agreed with 
the Navajo on most of these relations also, 
but they were not tested on most of these 
terms. Anglos ‘deviate’ from the other 
groups on three items: they do not see dark 
as being liked crooked, or diffuse as being 
like far, but rather they see diffuse as like 
large, which the other groups do not. 
Japanese ‘deviations’ are restricted to the 
hazy dimension, this visual polarity being 
associated with far but not with crooked as 
in other groups (non-evaluative for Japan- 
ese?). Japanese and Navajo differ in seeing 
colorful as rounded (J) or angular (N). In 
interpreting these similarities and differ- 
ences in the visual frame of reference, the 
reader should refer back to the diagrams in 
Figure 1 and keep in mind that it was these 
drawings, not words, to which the subjects 
were reacting. 


Correlations between matrices 


One way of getting an over-all picture of 
the similarities between groups in synesthetic 
tendencies is to correlate their intercorrela- 
tion matrices cell by cell. To the extent that 
the matched coefficients covar:’ throughout 
the two matrices being compared, we have 
evidence that common variables are operat- 
ing. This estimate of similarity has the 
advantage of being independent of the 
absolute magnitudes of the r’s in the two 
matrices; it has the disadvantage that lack 
of independence between the rows and 
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TABLE 7 
CoRRELATIONS BETWEEN  INTERCORRELATION 
Ms es FOR ANGLO, Navaso, MEXICAN- 
SPANISH AND JAPANESE GROUPS 
CONCEPT MATRICES 
Nevai Mexican- 
avajo | ‘Spanish Japanese 
PUM Pris asi Soke os Sas A 75 .67 
IRON ne cs pe 41 24 
Mexican-Spanish......... .68 
VISUAL-ALTERNATIVE 
MATRICES 
avai Mexican- 
Navajo | ‘Spanish Japanese 
MIS Fo Sa ee See 37 43 76 
PE i OR ad ae nin 8 81 39 
Mexican-Spanish......... .42 


columns makes it impossible to estimate 
significance levels of the r’s. However, 
gross differences in the similarities of groups 
can be indicated in this manner. Table 7 
gives such over-all correlations for both 
concept matrices and _ visual-alternative 
matrices. The first thing to note is that all 
of these correlations are positive and, for 
the most part, of reasonable size. This sup- 
ports the conclusion reached earlier on the 
basis of item analyses that there are con- 
siderable similarities in synesthetic tend- 
encies across language/culture groups. The 
second thing to note is that whereas Navajo 
is the one deviant group for correlations of 
concept matrices (markedly lower r’s with 
all other groups), both the Navajo and 
Mexican-Spanish groups separate sharply 
from the Anglo and Japanese groups in the 
correlations of visual-alternative matrices. 
Another way of expressing this finding is to 
say that the Mexican-Spanish shift their 
‘allegiance’ from the Anglo on _ concept 
relations to the Navajo on scale relations. 
This is a rather remarkable contrast. 


Factor analyses 


Our final interest in these data lay in the 
structure or system among both verbal con- 
cepts and visual dimensions, as displayed in 
this synesthesia task. To what extent can 

































































ities fixed at 1.00), rotated by the Quarti- 
max Method, and related across groups by 
the Wrigley-Neuhaus Coefficient of Fac- 
torial Similarity. The Japanese data, 
collected later, were not submitted to factor 
analysis; however, both the high over-all 
correlations of Japanese with Anglo matrices 

‘More detailed description of these methods 


and references to the original descriptions are 
given in Osgood et al. (1957). 
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TABLE 8 factori 
Rotatep Factor Loapines FoR Concept MATRICES | rotate 
>} diagor 
Factor I Factor IT Factor III Factor IV : spond 
—_—_—_|____—_______—_.4| The 
A N MS A N MS A N MS A N MS | evalua 
epee |e | 
HEAVY —78 | —25 | —55 23 42; -11 —34 | —31 | —10 | *—35 | —63 | —81 | GOOT 
GOOD *92 94 66 05 | —09 40 —11 17 | —49 —27 | —05 | —07 positir 
FAST 64 60 36 02 | —30 16 26 | —12 04 *65 39 83 th 
HAPPY *90 88 90 —06 | —34 09 15 17 27 —32 07 | —19 | OF 
UP 45 34 —04 | —13 *57 86 29 | —04 tween 
ENERGETIC 22 93 —04 | —06 95 | —O8 07 | —18 “eval 
LOOSE 44 | —67 *_81 | —55 —01 | —09 00 | —26 STRO 
STRONG —51 74 | —10 *83 4] 58 —11 | —25 | —47 07 | —35 | —05 MAN 
EXCITEMENT 10 52 07 —20 04 14 93 03 42 | *-15 | —76 | —75 ‘ce ae 
QUIET 19 | —01 —02 | —50 *_96 | —47 14] 45 Nava) 
BLUE — 20 02 00 23 | —34 | —4!1 —68 21 | —05 —28 | —83 60 | and L 
BAD —96 | —98 | —89 —02 13 10 11 05 03 15 | —O1 | —38 | with 
LIGHT 89 11 77 | *—27 | —71 | —33 29 12 10 09 64 50 iven 
DOWN ~96 | —37 01 | —31 12| —74 06 | —23 ie 
BLACK —86 | —21) —91 *36 73 12 04 | —49 05 14 06 07 rst 1% 
WOMAN 62; 06] 47| *-39| -—78| -75| -27| 27] -03| —25] —16 | —26 | almost 
LAZY 01 | —90 —20 | —09 *—94 | —25 — 23 08 indice: 
TIGHT —53 | 82 66 | 12 11} 16 47 | * 25 (A/N 
GREEN 74 22 82 —27 18 | —28 04 | —23 16 —49 | —86 04 at w 
NOISY —00 | —15 —13| 25 "93 | 44 —18 | —63 
GREY 10 | —22 *_49 | —92 -77 | —08 21| 02 of the 
SLOW —24| 09} —68} —17| —81 | —23 | *—82/ —23| —25| -37| 12] —59 | that t 
WHITE *37| 53/ 81| —09| —52| 05| —21| 00| —28 18} 48] 32 lof WI 
CALM 50 | —04 53 —07 | —83 | —11 | *—84 |} —23 | —64 — 04 17 19 togeth 
MAN —41 47 | —18 *68 63 93 45 | —12 | —02 12 | —34 | —07 Lin : | 
YELLOW 71| 40| 75| *-60| —75| —58 29; o4] 19] —05| —47| -1947 US 
WEAK 28 | —62| 28| *-90| —59| -—40| -16| 04] 71 17} 21| 08 | Mexic 
SAD - *—65 | —81 | -—99| -19} —-18| O01] -—69} —05| —O1 06 15 | —O1 | tive, » 
; —| being | 
* Concepts tending to load in same way on a factor for all groups. 
the subjects in different language/culture (Table 7) and inspection of the Japanese 
groups be shown to be using the same under- correlations (knowing the Anglo factors—| _ 
lying factors in making their synesthetic see below) indicate that the Japanese factors 
judgments, and do these factors correspond would correspond closely to the Anglo 
in any identifiable way with those obtained factors. All correlational and factorial work 
by Suci with the usual semantic differential? was done on ILLIAC. | ae 
Both concept and visual-alternative matrices Concept matrices. It will be recalled that. PACTS 
(separately) for Anglos, Navajos, and many of the polar scale terms used by Suci “4 
-Mexican-Spanish were factored by Thur- (e.g., heavy-light, good-bad, happy-sad, fast-| N 
stone’s Centroid Method (with communal- slow, strong-weak) were included as verbal ‘ MS 
‘ACT 


concepts in the present synesthesia study. 

If a stable semantic frame of reference is A 
operating, one would expect the same or ys 
highly similar factors to appear in both? FACT 
cases. The first four factors in the unrotated, A 
Centroid Analysis accounted for 89% of the N 
total variance for Anglos, 82% for Navajos,} pay 
and 84% for Mexican-Spanish. Table 8 gives; 4 
the rotated factor loadings obtained by N 
Quartimax. Table 9 gives the indices of ,— 


MS - 
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factorial similarity across groups for these The second factor in our study is fairly 
rotated factors; the italicized values in the well defined across all groups as a potency 
diagonals index the similarity among ‘corre- factor: STRONG and MAN have sizeable 


| sponding’ factors for the several groups. positive loadings for all groups and LIGHT 


The first factor is quite well defined as (weight), WOMAN, YELLOW, and WEAK 
evaluative by the concepts which load highly have sizeable negative loadings. The Japan- 
on it for all three language/culture groups: ese would probably add TIGHT vs. LOOSE, 
GOOD, HAPPY, and WHITE on the HEAVY vs. LIGHT, and BLACK vs. 
positive pole vs. BAD, SAD, and BLACK WHITE to the potency factor, this being 
on the negative pole. The difference be- merely suggested in Table 8. The indices of 
tween Anglos and Navajos in what is factorial similarity (A/N .69, A/MS .75, 
“evaluatively relevant” is also well defined: N/MS_ .66) confirm the above picture. 
STRONG, TIGHT, ENERGETIC, and _ Suci’s second factor included strong-weak, 
MAN are also positively evaluated by the heavy-light, hard-soft, and long-short for all 
Navajos (conversely for WEAK, LOOSE, groups, but also fast-slow and industrious- 
and LAZY), whereas the reverse evaluation, lazy for some groups, arid he dubbed it a 
with the exception of ENERGETIC, is dynamism factor. 
given these concepts by the Anglos. The Factor III is the least generalized across 
first factor for Mexican-Spanish corresponds groups. For Anglos it is clearly an activity 
almost perfectly with that for Anglos. The factor: UP, ENERGETIC, EXCITE- 
indices of factorial similarity for Factor I MENT, and NOISY in contrast to QUIET, 
(A/N .60, A/MS .95, N/MS .64) are consist- LAZY, SLOW, and CALM. But this pat- 
ent with these interpretations. Inspection tern does not hold up satisfactorily across 
of the Japanese correlation matrix shows the other groups, as the low indices of fac- 
that the same concepts (with the exception torial similarity (A/N .18, A/MS_ .52, 
of WHITE and BLACK) tend to cluster N/MS .25) show. Inspection of the Japanese 
together. Suci interpreted the first factor in correlation data suggests that we would have 
his analysis (of Navajo, Hopi, Zuni, and ENERGETIC, EXCITEMENT, and 
Mexican-Spanish groups) as being evalua- NOISY in contrast with SLOW, LAZY, 
tive, the clearest scales across all groups CALM, and QUIET—which is pretty close 
being good-bad, clean-dirty, and pretty-ugly. to the Anglo pattern. Suci also had difficulty 


TABLE 9 
INpICES OF FACTORIAL SIMILARITY FOR CONCEPT MATRICES 








Factor I Factor IT Factor III Factor IV 








A iN |MS| A N MS A N MS A N | MS 

Fe - eek ee eee ee on | 

FACTOR I 
A .60 | .96 | —.50 | —.63 | —.32 .13 43 04 | —.11 . a 
N | 64 .25 | —.09 31 .30 07 | —.24| —.15 | —.16| 09 
MS —.37 | —.50) —.25 .20 40 04 | —.14 038; .34 

FACTOR II 
A 69 75 04 .38 | —.53 a 17} .04 
N 66 .39 | —.37 .02 12) —.27 | —.17 
MS fe .29 —.30 .32 05 | —.03 

FACTOR III 
A ar. 62 29, —.09|} .08 
N | | .26 | —.07 se eee 
M .09 | —.10 | —.08 

FACTOR IV koe 

A | .60| 54 


“ | | | | | 48 
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TABLE 10 
RotatTep Factor LOAbINGS FOR VISUAL-ALTERNATIVE MATRICES 
| Factor I Factor II Factor III | Factor IV 
| 
: | BF Se aoe Oe eee 
A N | Ms) A | N [MB| a | X MS; A | N |MS 
} | | | | | | 
Ee ayy ae ae ete SWS anes | Co a Salat ahaa SES Se: ee 7 i a ae re: ia 
up ~30 | -80 | -30 | 91) -28| -42 -15 -34 -68) OL 16| 07 
vertical —86 | —08 | —88 | —16| —08 | —13/ -21| 00] 03] 24| 92] —37 
homogeneous 85| 08 | —O01 | —13|} —25| 10; —41 | —80 | —87 | —10 | —18 | —25 
colorless | 98) ee eel | 89| 74} OL; 23) 46) -18| 15} —22 
thick | -34, 07] -17| 83} 15| 26|-10; 34) 87| 26| 87| O7 
dark —24/; 08; -—06; 91 ee | 19 | —12 | 36; 95] 13 | 81 | —03 
crooked | ~67| -06| 16| —08| -—09| —51| 60/ 88! 78| 10| 37] —08 
hazy | 15| 17] 11{| -22| -16/-08| 89| 86] 94] 13] 32] —04 
blunt 94) —16) —08 | 23) 10| 67 | 11 | —37 | 
rounded 90/ 33| 75|-03| 19|—28/; 16| 81| 36; 18] —18| —20 
diffuse —04 | —61) | -93 | 62) 14 | —34 | | 15| —48] 
large 28 | —28 | —39 | —52| —20 | -—13 08 | —55| 10 72; 63) 85 
near | -26 61 22 | -12. 20 | —09 7856 
: | onl deinen [animate aii 
demonstrating any consistent third (or suggests that it would duplicate the Anglo 


further) factor in his study. Our Factor IV 
displays somewhat higher indices of fac- 
torial similarity (A/N_ .60, A/MS_ .54, 
N/MS .42), but it is difficult to come to 
grips with semantically. Its positive pole is 
best defined by FAST, LIGHT, TIGHT, 
WHITE and its negative pole by HEAVY, 
EXCITEMENT, WOMAN. There is per- 
haps a Freudian flavor to this faector— 
something which touches on many shared 
myths—but the quantitative data won’t 
bear much weight. 

Visual-alternative matrices. In the un- 
rotated factor matrices for visual dimensions, 
the first four factors extracted accounted 
for about the same proportions of total 
variance as in the concept factor analyses 
87% for Anglos, 82% for Navajos, and 
86% for Mexican-Spanish. However, the 
factors are not so readily interpreted (per- 
haps because all the variables are from a 
small domain). Table 10 gives the rotated 
loadings and Table 11 the indices of fae- 
torial similarity. 

For Factor I the indices of factorial simi- 
larity only permit us to compare Anglos and 
Mexican-Spanish, where we seem to be 
dealing with a kind of flatness factor: 
rounded and horizontal best reflect the 
nature of the factor, with the Anglos includ- 
ing homogeneous, straight, and blunt. Inspec- 
tion of the Japanese correlation matrix 


factor closely. The Navajo Factor I is 
actually closer to Anglo II, as the indices of 
similarity show. 

Factor II for the visual alternatives dis- 
plays the highest factorial similarities 
(A/N_ .80, A/MS .75, N/MS_ .75) found 
anywhere in this study. Perhaps surprising, 
since this is a visual domain, it seems to be 
essentially an evaluative factor connota- 
tively. The defining characteristics are 
colorless, dark, thick, down, and small (vs. 
the opposite, favorable pole, colorful, light 
thin, wp, and large). An interesting difference 
is that Anglos would include concentrated 
in the definition of the negative pole, but 
not Navajo. Inspection of the Japanese data 
confirms this picture, concentrated being 
included with dark, down, ete. as with the 
Anglos. 

Factor III for these visual dimensions 
also displays a high degree of cross-cultural 
correspondence (A/N .75,  A/MS © .62, 
N/MS .84), but one is hard put to label it. 
For all groups the positive pole of the factor 
is characterized by hazy, crooked, rounded, 
heterogeneous, and down, and the 
pole by their opposites, clear, 

5 Factors were grouped so as to maximize 
the sizes of the indices. In this case, Navajo Factor 


straight, 





negative’. 


II has a higher similarity to Anglo II (.75) than | 


does Navajo I (.62), and hence the apparently 
anomalous fact that Navajo I is assigned with 
Anglo I where its index is only .38. 
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TABLE 11 
INDICES OF FacTORIAL SIMILARITY FOR VISUAL-ALTERNATIVE MATRICES 


——. - 





——_— — 





| | 

















| 
| Factor I Factor II | Factor III | Factor IV 
| | | | | | | \ | 
A|N IMS] A |.N | MS | A | N | Ms | A | N | MB 
on | SSR Meakin 2e5< | 
FACTOR I | | | | 
A 388! 62) —.07| .05| .19| —.08| —.19 | —.27| —.09| —.54|] .07 
N 64| .62| .46| .44| .20| .45| .42] .20] —.16| —.40 
MS 16) .22; —.04| .35| .45 | .16 | —.35 | —.60 | —.16 
FACTOR II | | | | 
A .80| .76|—.11| .35| .59|—.17| .28| —.29 
N | | | .76|—.05| .35| .46| —.23] .12| —.29 
MS | | —.382} —.14| .15| —.30| .02| —.15 
FACTOR III | | 
A .76| .62| .19 10) .09 
N 84 | .06) .25| —.31 
MS | .35| .60}° .00 
FACTOR IV | | 
A | ae: ae 
N | | .44 


angular, homogeneous, and up. One possible 
interpretation would be that this is a figure 
vs. ground factor. Aspects of the visual 
environment that stand out as figures are 
clear, straight, angular, homogeoneous, and 
up in perceptual experience. But whereas 
thickness and darkness is attributed to what 
we have called the “background” character 
by the Mexican-Spanish, this is not so for 
the Anglos. 

Factor IV seems to be what might be 
called a distance factor, but the evidence 
is not very impressive—particularly since 
there is no correspondence between the 
Navajo and Mexican-Spanish factors. Com- 
mon to all three groups we have large vs. 
small; Anglos and Navajos would include 
near vs. far—and so would the Japanese 
hence the ‘distance’? notion; but Navajos 
would include vertical-horizontal, thick-thin, 
dark-light, and to some extent concentrated- 


diffuse. 


Addendum: Some data on color meanings 


In the course of the Southwest Project on 

Comparative Psycholinguistics, Dr. Susan 
. , 

Ervin collected semantic differential data 

from 21 Navajo subjects when they were 

judging actual samples of colored paper. 

These were 214” by 134” rectangles of dime 


store colored papers: red, yellow, light green, 








blue, purple, brown, black, and white. The 
red was intensely saturated and bright, the 
green was very pale, and the blué was about 
the color of the non-carbon part of carbon 
paper, i.e., quite deep in hue but not too 
heavily saturated. These color chips were 
rated against the 27 scales given in Table 12. 
These scales were verbally defined and they 
were 6-step scales, the middle position being 
eliminated to force the subjects to indicate 
some directional choice in each case. Subse- 
quently, Mr. Murray Miron collected 
equivalent data from 24 Anglos (students 
at the University of Illinois), using the same 
color chips and the same 6-step scales. 
Table 12 gives the mean scale positions for 
each color chip on each scale, Anglo (A) 
and Navajo (N) results being directly 
compared. 

Non-differentiating scales and _ scales 
used differently by Anglos and Navajos. 
Inspecting Table 12 we can see that there 
are a few scales which, either for Anglos 
or Navajos or both, do not differentiate 
among the color chips—that is, are irrele- 
vant with respect to this stimulus domain. 
The scale long-short fails to differentiate for 
both Anglos and Navajos. The scales 
sharp-dull, up-down, and rich-poor fail to 
differentiate for the Navyajos. Asterisks 
between Anglo and Navajo values indicate 
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TABLE 12 BLUE 
MEAN SEMANTIC PROFILES FOR CoLor CHIPS FOR ANGLOS Bscod AND Nav asos (N) 11/14, 
— — TT - ————— a creme a Ee nena eae — = eee = 15/15 
Red | Yellow Green Blue Purple Brown Black Ae White ‘ 
ae ee eee Sen midpo 
ee te soe ae ee ee eee ee ee ae er ee ee ae | appro} 
| | — | |_| — — | , | | |_| — —| —_| signifi 
**good | 3.9 | 4.2) 3.0 | 3.0 3.0 | 3.5, 3.3. 3.5) 3.8 | 3.5) 4.4 | 3.8] 4.8 | 4.4) 1.8*) 2.9) bad becaus 
happy | 2.3 | 3.2) 2.4 | 2.3] 2.5 | 2.4) 4.3% 3.2) 4.0*| 2.6) 4.6*| 3.3] 5.1*) 3.7] 2.5 | 2.0) sad than 
pretty | 2.3*/ 4.2} 2.5 | 2.8) 2.5 | 3.1) 3.2 | 3.5) 3.5 | 3.5) 4.8 | 3.9] 4.8 | 4.7] 2.7 | 2.8] ugly dude 
sweet | 2.8 | 3.6| 2.8*| 1.8] 3.7 | 2.9] 3.9% 2.7] 4.3*] 3.0] 4.3% 2.9] 4.4% 3.4] 2.5 | 2.2] sour . 
clean =| 2.7 | 3.4] 2.3 | 2.2] 2.0 | 2.2) 3.6 | 3.4] 3.8 | 2.9] 4.8*| 3.7] 5.1*| 3.5) 1.4 | 1.5] dirty | have | 
| | | | color ¢ 
strong | 1.6 | 2.0) 4.5 | 4.1] 4.3*| 3.2) 2.0 2.3] 2.3 | 2.8] 2.7 | 2.71 1.8 | 2.1] 4.0 | a weak | about 
hard =| 2.4 | 2.6) 4.1 | 3.2} 4.0 | 3.5 2.8 | 3.1) 3.5 | 3.0) 2.8 | 2.8) 2.2 | 2.0, 4.6 | 4.1] soft Con 
heavy | 3.3 | 3.5} 5.3*| 3.7) 5.4%] 3.7) 2.0 | 2.1) 2:7 | 2.6) 1.8 | 2.2) 1.2 | 1.7) 5.8*| 4.1) light BLAC: 
large 2.5 | 1.9) 4.3*| 2.9) 4.0 | 3.7) 2.8 | 2.4) 3.0 | 2.7) 2.4 | 2.4) 2.3 | 2.0) 2.7 | 3.6) small 
thick 2.6*| 4.3) 5.0 | 4.3] 4.8 | 4.0 2.1%; 3.9} 2.6% 3.9] 2.0%) 3.2) 2.1 | 2.7) 4.16] 4.2) thin analys 
long 3.3 | 2.9) 3.9 | 3.3) 3.2 | 3.0, 3.4%) 2.4] 3.0 | 2.5] 3.2 | 2.5] 2.8 | 2.7; 2.6 | 2.7] short | inspec 
; | | ; | | -colum 
fast | 2.0%, 3.4) 2.7%) 4.1) 2.6%) 4.3) 3.8 3.3) 3.9 | 4.1) 5.0 | 4.1) 4.5 | 4.4) 2.8*) 4.1) slow sharpl 
sharp | 2.0 2.7 2.6 | 3.4) 2.7 | 2.7) 3.9 | 3.1) 3.3 | 2.8) 5.0%) 3.3) 4.5*) 3.3) 2.8 | 3.4) dull WHI’ 
energetic | 2.1* 4.0) 3.0 | 3.6 3.0) 3.7 3.7 | 3.3) 3.5 | 3.5) 4.9 4.1) 4.5 4.8) 3.4*) 2.4] lazy V 
hot 1.5 2.4] 2.9 | 3.0) 4.5 | 3.9 3.8*| 2.6) 3.2 | 2.4) 3.5 | 3.2) 3.5 | 2.8] 4.3 | 4.2) cold and 
young 2.1*, 4.0) 2.5 | 3.4] 2.0% 3.4) 3.8 | 3.6) 4.0 | 4.1) 4.7 | 4.4] 5.4%) 4.3] 2.2 | 2.6] old Other 
Pee, aoe | ae. ‘ tendet 
up 3.1 | 2.6) 2.0*| 3.1) 2.7 | 3.5) 3.3 | 2.6 4.0*| 3.0) 4.6*) 3.5) 5.6*, 2.5 1.6*) 2.6) down rie 
smooth | 4.0 3.9} 2.3*| 3.7) 2.1*, 4.0) 4.0 | 4.3) 3.5 | 4.4] 4.9%] 3.9) 4.4 | 4.21.7 | 2.5] rough | "9" 
happy 4.8 5.0) 2.1 | 2.9) 2.1 | 2.4) 4.0 | 3.9) 4.0] 4.1) 4.2 | 3.7) 5.1 | 5.1) 2.2 | 2.9) angry | conno’ 
ripe 1.4 1.7| 2.5 2.9) 4.6 3.9 3.4. 3.4/2.9) 2.8) 3.5 | 2.6) 3.3 | 2.4) 3.5 | 3.0] unripe | consis! 
rich 2.7 | 3.0) 2.5 | 2.9 3.0 | 3.4) 2.9 | 2.6) 2.1 | 2.9) 4.3 | 3.4] 4.0* 2.7) 2.4 | 2.6) poor potent 
taut | 2.7 | 2.2) 3.8 | 3.3) 3.2 | 3.8) 3.3 | 2.4) 3.3 | 2.7) 3.8 | 3.5] 3.3 | 2.51 3.7 | 3.1) loose | one 
straight | 3.0* 4.2| 3.0 3.23.1 3.6 2.7* 3.8 3.7) 3.8 4.1 | 4.3] 3.9 4.0, 2.9 | 2.8) crooked ~e 
noisy =| :1.5*| 3.2) 4.0 | 4.0) 3.9 | 4.8 4.3 4.1) 3.7 | 4.0) 3.9 | 4.0, 3.7 4.3] 5.1*| 4.0] quiet | @ Te 
male | 3.3 | 2.5] 4.7%) 3.6) 4.7%, 3.6, 2.5 | 2.7) 3.6 | 2.8) 2.7 | 2.8] 2.2 | 2.3) 4.6 3.9) female haps | 
white I ice 3.4) 2.2 | 2.9) 2.5 | 2.0, 4.4*, 3.3) 4.4" 3.3) 4.7*| 3.5] 5.9", 4.8) 1.1 | 1.4] black WHI’ 
dry | 3.2 | 4.1] 3.4 | 3.5, 3.8 | 4.0 4.0 4.4) 3.5% 4.5] 2.7 | 3.4) 3.6 | 4.0) 3.2 | 3.5) wet Con 
P§ * Asterisk between Anglo and Navajo values indicates a difference 2 1. 00: se ale units. and C 
** Means were computed so that low values are toward left-hand seale term (e.g., good) and high and B. 
toward right-hand term (e.g., bad). region 
the gi 
that the difference in means is equal to or in connotation, indicated by asterisks in, Pastel 
greater than 1.00 scale unit—an arbitrary Table 12, the over-all similarities between} satura 
unit that probably approximates a reliable Anglos and Navajos are quite striking, as} 2among 
difference (Osgood et al., 1957). Looking inspection reveals. A rough way of estimat-\ 8roups 
along the rows defined by scales, it can be ing the significance of this connotative | sions. 
seen that a few scales yield four or more agreement is as follows: In each color colors 


(out of 8 possible) differences at this level: 


happy-sad, sweet-sour, fast-slow, thich-thin, 
up-down, and white-black. Whether these 
represent the dimensions along which 


Anglo/Navajo differences in color symbol- 
ism are most marked, or merely scales for 


which _ translation equivalence was not 
obtained, cannot be determined from these 
data. 


Over-all similarities in color connota- 
tions. Despite the occasional differences 


column in Table 12 we note each seale for! heavier 
which the mean deviates 1.00 units from, 18 refi 
the midpoint (3.50) for either group—in differe 
other words, we count only those items re a7 
where at least one of our two groups shows ; Well a 
a probably signifieant connotation. Then, Con 
we ask: on what proportion of such items Spectr 
do both groups deviate in the same direc-; Here | 
tion from the midpoint? For RED we find) Anglo: 
that 12/15 go the same way, for YELLOW, of acti 
14/15 the same, for GREEN 12/13, for! (fast-s 


| young: 








rh 
ry 
pe 


e 
yked 
>t 
ale 


high 


; in 
yveen 
» as 
nat- 


tive | 


olor 
- for 
rom 
—in 
ems 
LOWS 
‘hen 
ems 
irec- 
find 
OW 
for 


BLUE 6/7, for PURPLE 4/5, for BROWN 
11/14, for BLACK 16/19, and for WHITE 
15/15 deviate in the same way from the 
midpoints. Since all of these proportions 
approximate or exceed the 5% level of 
significance (by a one-tail test, appropriate 
because we are predicting “same” rather 
than “different” directions), we can con- 
clude that in general Anglos and Navajos 
have similar connotative profiles for these 
color chips. But is there anything systematic 
about these shared color connotations? 

Connotations of brightness (WHITE vs. 
BLACK). Table 12 is arranged to facilitate 
analysis in terms of semantic factors. From 
inspection of the WHITE and BLACK 
-columns, it is clear that these chips differ 
sharply in evaluation for both groups, 
WHITE being good, happy, pretty, sweet, 
and clean as compared with BLACK. 
Other unclassified scales reflect the same 
tendency, BLACK being judged rougher, 
angrier, and more crooked. Brightness also 
connotes potency and activity, but less 
consistently; BLACK tends to be the more 
potent and masculine but WHITE the 
more active and feminine. Note that hot- 
cold reverses this trend in both groups, per- 
haps because of the specific association of 
WHITE with snow and ice. 

Connotations of saturation (YELLOW 
and GREEN vs. RED, BLUE, PURPLE, 
and BROWN). Yellow is the least saturated 
region of the spectrum and, as noted earlier, 
the green used in this study was a pale, 
pastel shade; the other colors were quite 
saturated. The scales which differentiate 
among these two sets of colors for both 





groups are mainly along the potency dimen- 
sions. Thus we find the more saturated 
colors judged to be much stronger, harder, 
heavier, larger, and thicker. The same factor 
is reflected in the unclassified scales which 
differentiate these two sets: saturated colors 
are angrier, dirtier, and more masculine, as 
, well as being judged rougher by the Anglos. 
Connotations of hue (following the 
spectrum, from RED through PURPLE). 
Here we get evidence of differences between 
_ Anglos and Navajos. Anglos yield a number 
of activity scales which follow the spectrum 
| (fast-slow, sharp-dull, energetic-lazy, and 
| young-old), with RED being the most active 


| 


» 


| 


de 
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and BLUE or PURPLE being the most 
passive. The Navajos have noisy-quiet, 
taut-loose, hot-cold, and ripe-unripe follow 
the spectrum, but with GREEN at the 
peak of cold, quiet, loose, and unripe. The 
Anglos show the same trend for hot-cold 
and ripe-unripe; Anglos also include some 
evaluative scales as following the spectrum, 
happy-sad, pretty-ugly, and sweet-sour, RED 
being on the favorable sides—but this may 
be an effect of the particular color samples 
used. 

Some salient differences in color connota- 
tions. In the following summary, only 
Anglo/Navajo differences equal to or 
greater than 1.00 scale unit and with means 
falling on opposite sides of the midpoint 
(3.50) are counted. RED is pretty, young, 
energetic, straight, and thick for the Anglos, 
but not for the Navajo (who characterize 
it particularly as taut, angry, and mascu- 
line).® YELLOW is small, fast, and smooth 
and GREEN is weak, fast, and smooth for 
Anglos, but not for Navajo (who do, how- 
ever, see these pastel shades as favorable 
evaluatively like the Anglos). Anglos and 
Navajos agree perfectly on the connotative 
directions of WHITE, with the single excep- 
tion of fast-slow—Anglos seeing WHITE as 
quite fast and the Navajos as quite slow. 
The remaining colors, all dark hues, are 
judged less favorably by the Anglos: thus, 
for them, BLUE is the more sad, sour, 
thick, cold, straight, and black; PURPLE is 
more sad, sour, thick, down, and _ black; 
BROWN is more sad, sour, and dull; and 
BLACK is more sour, dull, down, and poor 
than for Navajos. 


DISCUSSION 


This paper began with a set of questions. 
The first was: can the factors obtained by 
Suci (1957) for Anglo controls and for the 


6 In a personal communication, Professor Clyde 
Kluckhohn has pointed out that ‘‘color enters 
very prominently into. Navaho ceremonialism, 
and therefore the reaction to such a color as red 
is culturally influenced in a very special way.”’ 
Such ceremonial usages of color undoubtedly 
account for some of the differences found in this 
study. The fact that great similarities in color 
connotation are found despite such ceremonial 
usage May mean that the significances attached 
to colors in ceremonies themselves tend to follow 
the same rules of synesthetic translation. 
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Navajo (and other Southwest Indian cul- 
tures) with verbally defined concepts and 
scales of a semantic differential be confirmed 
when his scales serve as concepts judged 
against ‘scales’ defined by purely visual 
alternatives? Suci obtained two clearly 
identifiable factors: an evaluative factor 
(pretty, sweet, good) and a potency factor 
(heavy, rich, long, and strong). Our own 
factor analyses of the concept matrices 
produced two clearly defined factors also— 
evaluation (GOOD, HAPPY, WHITE) 
and potency (STRONG, TIGHT, MAN). 
In both eases, the third and further factors 
did not vield satisfactory correspondence. 
To this extent, then, we have confirmed the 
factorial generality described by Suci, in a 
situation where the problem of translation 
equivalence of scaie terms is minimized. 


The second question was: can cross- 
language and cross-cilture generality of 
visual-verbal synesthesia be demonstrated? 


There is ample evidence for visual-verbal 
synesthesia within our own culture. As early 
as 1921, Lundholm (1921) reported data on 
the “feeling tones” of lines: that SAD was 
represented by large, downward-directed 
curves; that MERRY was represented by 
small, upward-directed lines; that GENTLE 
was represented by large, horizontally- 
directed curves, and so on. Poffenberger 
and Barrows (1924) confirmed and extended 
the relationships reported by Lundholm. 
Karowski, Odbert and Osgood (1942) were 
able to demonstrate similar relationships 
between word meanings and the synes- 
thetic drawings of photistie visualizers. 
More recently, Scheerer and Lyons (1957), 
Hochberg and Brooks (1956), and MeMur- 
ray (1958) have reported Western intracul- 
tural consistencies in relating line drawings 
and/or verbally defined visual dimen- 
sions to connotative meanings or feeling- 
tones. As far as I am aware, the present 
study is the first attempt to demonstrate 
that the visual-verbal synesthetic relation- 
ships characteristic of our own language/ 
culture community are shared by peoples 
who speak different languages and enjoy 
different cultures—the Navajo, the Japa- 
nese, and the Mexican-Spanish living in the 
American Southwest. The over-all simi- 
larities in synesthetic tendencies across 
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these groups are impressive—when the 
synesthetic relationships that are significant 
(.01 level) intraculturally are tested for 
cross-cultural agreement, approximately 
90% of the relationships prove to be in the 
same direction. We can conclude with con- 
fidence, then, that the determinants of 
these synesthetic relations are shared by 
humans everywhere—to the’extent that our 
sample of “everywhere” is representative, 

A third question in which we were in- 
terested was: are terms which are translation. 
equivalent to functional opposites in our 
language also functionally opposed in other 
language/culture groups? The answer to this 
question is important for several reasons; 
For one thing, the semantic differential as a 
measuring instrument is based on the as. 
sumption that ‘true’ opposites do ‘slice up’ 
the semantic space into meaningfully op- 
posed regions; for another thing, the notion 
of logical opposition has always had a funda- 
mental and primitive status in Western 
philosophical thought this merely a 
figment of our Western language structure, 
or is it really fundamental to human think- 
ing wherever it may occur? Again, to the 
extent that our sample of human languages 
and cultures is representative, the answer is 
clear and compelling: peoples who use 
different languages and have grown up in 
different cultural settings also utilize mean- 
ingful opposition as a pillar of their logical 
constructions. This conclusion was obtained 
under conditions in which the verbal oppo- 
sites were separated in time of judgment 
and were determined by association with 
purely visual alternatives. This over-all 
conclusion (see Table 4) is not countered by 
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the occasional negative instances which were/ were | 
found: Landar’s (1957) analysis of four! pressic 
Navajo folk tales implies that for the Navajo) agreer 
the logical opposition is between moving-, [ef., T 
stationary, the Anglo fast-slow as translated’ tween 
being degrees of moving; the failure of where 
energetic-lazy to function as an opposition, that A 


for the Japanese is also tagged as a trans- 
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lation problem.? For 11 of the 12 Anglo! Japane 
| warm-¢ 

7 Both Professor Seizo Ohe (at the Center for! warm; 
Advanced Study in the Behavioral Sciences, Stan-| (poten 
ford, 1958) and a Japanese friend agreed that the) and gri 
terms we used for “energetic’’ and “‘lazy’ 
not really opposites in their language. 
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oppositions described in Table 4, functional 
opposition is demonstrated for the other 
language/culture groups as well. 

The fourth question concerned the con- 
'notative meanings of colors: do colors have 
similar connotations for Navajos as for 
Anglos, and is agreement greater for actual 
color chips than for color words? A separate 
study of the connotations of colored papers, 
using verbally defined 6-step scales, revealed 
considerable agreement in connotation. For 

both Anglo and Navajo groups, the bright- 
ness dimension was shown to correspond to 
evaluation (WHITE favorable, BLACK 
unfavorable), the saturation dimension to 
potency (saturated colors being the more 
potent), and, with somewhat less agreement 
across cultures, the hue dimension to 
activity (RED being the most active and 
BLUE-PURPLE the most passive). These 
results agree generally with those of Ross 
(1938) on the effects of stage lighting 
on moods of the audience; of Odbert, 
Karwoski, and Eckerson (1942) on the rela- 
tions of colors to verbally defined moods; 
and of Wexner (1954) on similar relations. 
The specifie correlates between color dimen- 
sions and semantic factors found in our 
study agree with results obtained by 
Tannebaum on the use of color in both ab- 
stract art and advertising (cf., Chapter 7 
in Osgood et al., 1957). Our results extend 
these relations to at least one group differing 
in language and culture.’ Because of lack 
of correspondence in the yardsticks used 
(verbally defined scales for color chips and 
visual alternatives for color words), direct 
comparisons of the connotations of actual 
colors with the connotations of color words 
‘were not possible. However, my own im- 
pono based on the frequencies of dis- 
| agreements on the meanings of color words 
_{ef., Table 5 (B)] and on comparisons be- 

tween word-meanings and chip-meanings 
where the scales were roughly similar, is 
. that Anglos and Navajos agree more on the 





8A paper by Kimura (1950) indicates that 
Japanese subjects relate the hue dimension to a 
warm-coul scale (activity), red being the most 
warm; and saturation to a heavy-light scale 
| (potency), black, blue, and red being the heaviest 
| and green, yellow, and white the lightest. These 
| observations are consistent with our findings for 
; Anglos and Navajos. 
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connotations of color chips than on the 
connotations of color words. ‘For example, 
whereas Anglo “blue” refers to a relatively 
dark color close to Navy, Navajo “blue” 
refers to a region of the color space close to 
turquoise.’ 

Despite impressive over-all similarities 
across the language/culture groups studied 
in visual synesthetic tendencies, there are 
some clear-cut differences on _ particular 
relations [cf., Tables 3, 5 (B), 6 (B), and 
12]. Such differences are open to a variety 
of interpretations—with no clear guide- 
posts as to which applies in any single case. 
The Navajo data are somewhat less reliable 
throughout (which is understandable given 
the difficulties of communicating instruc- 
tions under field conditions). This by itself 
could be the reason that Navajos display a 
smaller number of significant synesthetic 
tendencies (cf., Table 2), but this finding 
could also indicate a greater concreteness of 
cognitive processes in the Navajo. It may be 
that pre-literate peoples—peoples without 
a written literature—generalize less broadly 
through metaphor. Differences in the 
denotative reference of some of the verbally 
defined concepts (and hence, in a sense, 
inadequate translation) undcubtedly con- 
tribute to some of the differences described 
here also. 

Nevertheless, there are probably some 
“real” cultural differences in visual synes- 
thesia that cannot be explained away as 
artifactual on any of the above grounds. 
For one thing, it seems possible that the 
Navajo do not utilize an activity factor in 
connotative meaning to the same extent 
that Anglos do; in both the factor analyses 
of verbal concepts (Table 8) and the corre- 
lates of color dimensions (brightness, satura- 
tion, and hue), the Anglos clearly display a 
third, activity factor which is only suggested 
in the Navajo data. For another thing, we 
noted that both in terms of significant differ- 
ences in correlations among the _ visual 

9Dr. Susan Ervin, who collected the Navajo 
color data says: ‘‘The two terms that are most 
different in reference are the words for blue and 
for grey. Blue refers to any color within the range 
we would cal! green-blue-purple. The best Navajo 
blue is a bright aqua, about the shade of the 


turquoise popsicles they have in the Southwest 
(I think expressly for Indians!).”’ 
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alternatives (Table 6) and in the over-all 
correlations of the visual-alternative mat- 
rices (Table 7), the Southwest-living Navajo 
and Mexican-Spanish agreed with each 
other as against the Anglos and Japanese. 
The shift of the Mexican-Spanish, from 
“allegiance” with the Anglos on concept 
meanings to “allegiance” with the Navajo 
on visual scale meanings, was particularly 
striking. Does this mean that growing up in 
the visual environment provided by the 
Southwest helps to organize the dimensions 
of the visual frame of reference in a some- 
what different way than elsewhere? 

This research obviously has bearing on 
the Sapir-Whorf ‘“‘Weltanschauung”’ hypoth- 
esis—but in support of the converse. Most 
of the discussion and research relating to this 
hypothesis has been designed to demon- 
strate that differences in language do pro- 
duce differences in ‘world view,” and 
certainly there is both observational (Car- 
roll, 1956) and experimental ( Brown & 
Lenneberg, 1954; Lenneberg & Roberts, 
1956) evidence for this view. The present 
study and others along the same line 
(Kumata, 1957; Kumata & Schramm, 1956; 
Suci, 1957; Triandis & Osgood, 1958) 
strongly support the position that, for 
certain aspects of cognitive behavior at 
least, “‘world view” may remain relatively 
stable despite differences in both language 
and culture. The apparent conflict between 
these two sets of findings disappears if one 
makes a distinction between two general 
classes of cognition—which, for lack of 
better terms, I shall call denotative and 
connotative. The phenomena which seem to 
display generality across human groups 
regardless of language or culture are essen- 
tially connotative—the affective “feeling 
tones” of meaning which contribute to 
synesthesia, metaphor and the like. The 
phenomena which display dependence upon 
the structure and lexical categorizing of 
language seem to be essentially denotative— 
the multitudinous and arbitrary sets of 
correlations between perceptual events and 
linguistic events (i.e., the “rules of usage” 
of any language code). The distinction I 
am making has the status of an hypothesis, 
not a conclusion, but the meager evidence 
available seems to be consistent with it. 
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Finally, we may inquire into the reasons ee 
behind similarities in connotative systems eit 
despite language/culture differences. First, J. 


by virtue of being members of the humag|Kimura, 


species, people are equipped biologically to! 


co 


react to situations in certain similar ways— ite 
with autonomic, emotional reactions to re- th 
warding and punishing situations (evalua- tw 
tion), with strong or weak muscular tension di 
to things offering great or little resistances|Ku™t@ 
(potency), and so on—and hence they can Or 


form connotative significances for perceived )Landar, 


objects and their linguistic signs varying 
along the same basic dimensions. Such con- 


notative reactions enter into a wide variety |/ennebe 


of meaningful situations, are therefore 


broadly generalized, and provide a basis for}, ndhol 


synesthetic and metaphorical transpositions, 
Beyond this shared connotative framework, 


of 


Ps 


of 
gu 


me 
43 


there are many specific relations between !MeMurr 


human organisms and their generally similar sif 
environments whose stability can be the 

° ° . ol 
basis for synesthetic and metaphorical bdbert 


translations. These may be either innate 
to the species or developed by learning under 
similar conditions. An example of the 
former (innate) basis may be the common 
association: of the red end of the spectrum 
with warmth and activity and the blue end 
with coldness and passivity. An example of 
the latter (acquired) basis may be the com- 
mon association of visually large with 
auditorily loud—it is simply a characteristic 
of the physical world that as any noise- 
producing object approaches or is ap- 
proached, increases in visual angle are 
correlated with increases in _ loudness. 
These ‘“homotropisms’”’ and_ experiential 
contingencies may be expressed in language 
but are independent of the structure of any 
particular language. 
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—_ The ideas of economists and political philosophers, both when 





vith they are right and when they are wrong, are more powerful than is 
— commonly understood. Indeed, the world is ruled by little else. 
sane Practical men, who believe themselves to be quite exempt from 
sei any intellectual influences, are usually the slaves of some defunct 
“= economist. Madmen in authority, who hear voices in the air, are 
— distilling their frenzy from some academic scribbler of a few years 
itial back. I am sure that the power of vested interests is vastly exag- 
lage | gerated compared with the gradual encroachment of ideas. Not, 
er | indeed, immediately, but after a certain interval; for in the field 
of economic and political philosophy there are not many who are 
influenced by new theories after they are twenty-five or thirty 
i a years of age, so that the ideas which civil servants and politicians 
"soc. and even agitators apply to current events are not likely to be the 
; newest. But, soon or late, it is ideas, not vested interests, which are 
oe dangerous for good or evil. 
ia J. M. Keynes, The General Theory of Employment, 
t in| Interest, and Money 
yress 
neil, 
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A symposium jointly sponsored by Divisions 5 and 12 of the American Psychological Associ] Excep 
ation, and presented at that society’s meeting September 7, 1959, Cincinnati, Ohio. Chair, tion, 


man: Harry H. Harman, System Development Corporation. 
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Previous American Psychological Association sponsored symposia on digital computen) statist 
dealt with the outlook for the future, and the anticipated impact of the computer on psy4 correla 


chologists and their research. Is computer use as widespread as was predicted a few ye 
ago, and has its utilization contributed either to the solution of significant psychologi 
issues or the discovery of new problem areas? This symposium was organized by Philip : 
Smith of System Development Corporation to explore the ways in which the computer h 
fulfilled its early promise, and to answering the following questions: (a) Have psychologists 
utilized the computer chiefly as an easier, faster means of handling routine statistical choreg| 
or have they found it possible to develop novel methods and broader concepts of research) 
(b) Has the computer served to bring clinical psychologists and their theories any closer tq 





other scientists and their theoretical or methodological formulations? Has the computer brougl 


successfully aided the exchange of concepts and ideas? 


Medical Diagnosis By Computer: Recent 
Attempts and Outlook for the 
Future, Steven G. Vandenberg, Men- 
tal Health Research Institute, The 
University of Michigan* 


While electronic computers are being 
used all over the country for business and 
scientific computations—including many 
social science computations—there are still 
relatively few non-computational applica- 
tions of computers, such as in military in- 
ventory control, airplane ticket reserva- 
tions, and in banking. The remaining 
projects consist mainly of small scale 
demonstrations or feasibility studies of 
problem solving, learning, pattern percep- 
tion, foreign language translation, informa- 
tion retrieval, medical diagnosis, ete. 

My remarks today will be limited to the 
role of computers in medical diagnosis. 


* The literature search for this paper was sup- 
ported by the Schizophrenia and Psychopharma- 
cology Study, a joint research project of The 
University of Michigan and Ypsilanti State Hos- 
pital, (Ralph W. Gerard, Principal Investigator), 
U. S. P. H. S. MY 1972 C. 
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There has been enough interest in this ¢ analys 
to have led to a conference on diagnosti all fan 
data processing at the Rockefeller Institu for thi 
for Medical Research (1959), while vario _— . 
papers on related topics have been present Logi 
in the last year or so at several comput pee 
conferences. The Russian Soviet Fleef 20°. 
Newspaper carried a story about a diagno poy Le 
tic computer according to a recent A prehen 
release. symbo 
Rather than give you a complete rundow theory 
or annotated list of references of the wor " Pl 
done in Russia, France, England, — th Pros 
Netherlands, and the USA, let us take this pr 
minute or two to look at a few. Th edge 
species can be distinguished and if you loo ase 
closely it seems that all their possibl Sag 


hybrids are forthcoming. We might — edie < 


the three main types simulation, statistical tions y 
analysis, and logical diagnosis. the pre 

Simulation. Simulation is being used forthe y; 
instance in vectorspatial electrocardiography jntrod 
(Simonson & Schmitt, 1955) and in neuro} oeeurrs 
physiology. Usually a greatly simplified as well 
model of the system under study if presen 
programmed for a digital computer or— regard 
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more often—the proper electrical circuits 
are built into an analog computer and the 
behavior of this model is observed continu- 
ously or at certain critical moments. 

Most of the phenomena of interest to 
psychologists are very complex and have 
so far not been attacked with computers. 
ssoci] Exceptions are learning, pattern percep- 
‘hair| tion, and problem solving, about which 
others will speak. 

Statistical analysis. Examples of the 
statistical work are the auto and cross- 
correlational analysis of EEG and _ poly- 
graph records, which Dr. Ax of the Lafayette 
Clinie in Detroit is working on. In the 
Schizophrenia Project of the University of 
Michigan and the Ypsilanti State Hospital, 
we are correlating a large number of bio- 
chemical, physiological, and psychological 
1 variables with the ward behavior, social 
‘history, and psychiatric interview items of 
schizophrenic and other patients who are 
brought into our research ward for a nine 
week period. Without the aid of computers, 
the cost of such large scale statistical 
analyses would be prohibitive. But you are 
Jall familiar with the wide use of computers 
for this type of work, so I will not take up 
time talking about this. 

Logical diagnosis. The third type of com- 
puter analysis, the logical analysis of diag- 
nosis, is perhaps the most exciting. A paper 
\by Ledley and Lusted (1959) gives a com- 
prehensive description of the ways in which 
symbolic logic, probability theory, and value 
dow theory can be used to formalize the diagnos- 

-ajtie process sufficiently so that a computer 
wor res 

thd Program can be written which goes through 
k this process step by step. If enough knowl- 
ni: edge exists about a particular area, an 
rh incidence-of-symptoms table somewhat. like 
a logical truth table may be constructed 
with diseases and symptoms defining the 
rows and columns; and with zeroes, ques- 
istic tions marks, and ones in the cells to represent 

‘the presence or absence of each symptom in 

d for the various diseases. Refinements can be 
raphy introduced by using the probability of the 
euro oecurrence of each symptom in each disease, 
lified as well as by considering to what extent the 
ly if presence of the several symptoms may be 
or regarded as contributing information which 
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is independent both logically and_ sta- 
tistically. Next, the likelihood of various 
diseases can be dealt with by considering the 
subject’s age, sex, previous history, exposure 
to specific climatic or occupational condi- 
tions such as stay in the tropics, radiation, 
harmful metals, as well as hereditary dis- 
eases in blood relatives, the season of the 
year, and the location of the diagnostic 
center. 

When finally a decision has to be made 
regarding treatment, the paper by Ledley 
and Lusted shows how von Neumann’s 
theory of games may be used to determine 
the optimum strategy in the game between 
physician and nature, provided that the 
positive and negative values attached to the 
various ‘pay-offs’—representing the values 
associated with the expected outcomes of 
the acceptance or rejection of the various 
treatments—have been decided upon. These 
values are usually based on highly personal 
decisions of the physician, or the physician 
in consultation with the patient or relatives 
of the patient, but may sometimes be regu- 
lated by religious ethics or by military code. 

The more advanced and precise the 
knowledge is in the particular area, the 
easier it is to construct the table of diseases 
and symptoms. Of course, in the ideal 
situation where there exists a complete 
one-to-one relationship between diagnostic 
test, symptom, and disease, a computer 
program is hardly necessary unless computer 
time becomes cheaper than the time of 
human clerks. It is particularly when the 
relationships are more complex that aid 
from computers may be valuable, provided 
that every relationship can be spelled out in 
detail. 

It isunfortunately true that in the diagno- 
sis of mental diseases there exists as yet no 
such orderly system of clearly understood 
relationships. Attempts to develop a more 
explicit system are under way. The search 
for objective diagnostic tests as well as the 
construction of the various psychiatric 
rating scales constitute important steps in 
this direction. The more factual the items in 
these rating scales, the more interesting it 
will be to correlate such items with various 
diagnostic tests. It may well be that the 
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psychiatric categories are too heterogeneous 
and that the choice of treatment and prog- 
nosis will have to be based on new and finer 
groupings of patients arising out of the 
constant amassing and cross-correlation of 
vast masses of data. Before this can be done 
effectively, there will have to be much more 
uniformity in the way in which history and 
mental status information is obtained, 
recorded, and stored. It seems not unlikely 
that some mental hospitals will acquire 
punched card systems which would allow 
routine periodic analyses of such data. Nor 
does it seem unlikely that a number of such 
hospitals may develop a common system so 
that the problem of small samples could be 
avoided. 

Whether or not the adoption of such com- 
mon systems of detailed punched card 
records will lead in time to the use of com- 
puters on anything like a routine basis is 
uncertain. Psychiatric diagnosis by com- 
puter cannot be developed without going 
through this more prosaic step. At any rate, 
it seems fairly certain that diagnosis with 
the aid of a computer will be far easier to 
work out for various medical specialties 
other than psychiatry—even though its 
potential contribution might be greater 
there—because uniformity of diagnostic 
procedures will be so much more difficult to 
achieve. Curiously enough, many of the 
engineering problems one would encounter 
in constructing a large scale diagnostic com- 
puter are being solved, so that it is possible 
to think of developments on a par with the 
most imaginative science fiction stories 
(Vandenberg, 1956). The time may come 
when a network of computers is tied in 
with various record keeping agencies such 
as the Bureau of the Census, hospitals, 
social service bureaus, income tax bureaus, 
police departments, insurance companies, 
banks, schools, and military and civilian 
employers to keep cumulative records for 
every person on their rolls. (Newcombe, 
Kennedy, Axford, & James, 1959). Such 
records can be displayed on picture tubes 
and photographed at enormous speeds. 
Similarly, documents can be read at increas- 
ing speeds. Direct verbal communication 
with computers is being developed so that 
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communication with the computer, thé? she i 
already present tendency to personify t » see 
equipment will undoubtedly grow and it w "9 eli 
often be forgotten that the ‘behavior’ he the 
the machine has been planned in eve im d 
detail by a staff of programmers and exec a acs 
tive policy makers. ome 
While direct communication with t ‘i ore 
computer may lead to unpleasant psych re 
logical attitudes and feelings, it should a na 
remembered that such use of compu Clerks 
would at least be known to the individu oun 
communicating with the machine. It ji P uld r 
much more likely actually that there will ba? 
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The risk of increased regimentation and 
tape will be great, perhaps great enough to 
off-set any gain in efficiency and knowled 
which might be won. 

Perhaps it might be possible to limit sue 
systems to include only those persons wh 
wish and who are likely to benefit clearly, 
giving each and every one a choice in the 
matter. Insurance companies might move i 
this direction or larger business concern 
might develop such systems for employ 
willing to cooperate. Many safeguards wi 
have to be developed to prevent the occa 
sional injustice through inaccuracies. Al 
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ready we have read in the newspapers about 
vers a woman who was kept imprisoned for some 
time because of an error made by punched 
card equipment or operator. 

I, for one, believe that at least as many 
errors of judgment as well as errors due to 
jnaccuracies are made today by the in- 
numerable human records keepers and 
officials as would be made by a computerized 
system. At least errors of judgment might be 

,| minimized there and the element of personal 
Wii bias eliminated. It may be a matter of taste 
whether it is more aggravating to be unfairly 
treated by a machine or by a human being. 
Of course, it may be that for political, 
economical, and psychological reasons it will 
be advantageous to keep on eraploying 
human intermediaries so that the public 
never deals directly with the computer. 
Clerks could pass information to the com- 
.|puter by teletype-writers and information 
could come back to them to be given out in 
the clerk’s own words and voice. 

Perhaps fears of unfavorable attitudes are 
unwarranted. In the world of tomorrow, 
everyone may be sufficiently exposed to 
certain types of electronic devices in his 
| office or factory, in the library or in his 
military service so that more indifferent or 
even favorable attitudes may develop. One 
thing is certain: there is a need for studies on 
attitudes towards computers. Already there 
of have been many cartoons and jokes about 
Somd Computers. While they would not form a 
“a representative sample they might define the 
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.j puters in science fiction stories could form 
nt another source of opinions and feelings. Such 
1 req more or less “literary”? analysis should be 
supplemented by data from polls and from 
rh t i ; ; . 
cen per in which the effects of education 
and pertinent information on attitudes 
oil toward computers can be assessed. 
whd It is likely that differences will be found 
arly Petween the attitudes of those who might 
» the magine | themselves someday to be per- 
ve ji obally involved either as potential ‘cases 
on record”’ in such a system, or as users or as 
operators of such a system, and those who 
will such events as less likely to concern 
themselves directly. Nevertheless, the in- 
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be of considerable interest in itself, but it 
could serve to guide the development of 
increased use of computers in the public 
domain for social, medical, and other per- 
sonal benefits to mankind. 


Suggested research 


After this look into the near future, I 
would like to return to the present for a few 
more suggestions for research. Whether or 
not computers will ever be used to help in 
psychiatric diagnosis, it will be of enormous 
value if we could accumulate the kind of 
information which would be necessary for 
such a system. The kind of information 
needed would far exceed what currently is 
being collected by the Federal Government, 
or by any state, and should include the 
incidence of a number of details about his- 
tory and present mental status and their 
interrelationships as well as their correla- 
tions with clinical tests, treatment results, 
etc. Studies by Morton Kramer and Hyman 
Goldstein of the Biometrics Branch of the 
National Institute of Mental Health indicate 
that some of these relationships may be 
quite complex. Next, it would be necessary 
to write out in detail a diagnostic manual, 
which would permit the construction of a 
complete logical tree such as would be needed 
to construct the computer program. While 
one may hope that the data used would be 
gradually limited to objective measures and 
factual items, there is no reason why they 
could not include intuitive judgments of 
ego-strength, paranoia or flatness of affect, 
provided such items are described in enough 
detail to assure a certain degree of uniformity 
in the judgments. 

The human diagnostician might be a part 
of the system and could be asked to provide 
the eyes and the intuition which the machine 
would lack forever or at least for a long time 
to come. Studies of this kind are urgently 
needed to bridge the gap between, or rather 
to combine, clinical and actuarial predic- 
tion. 

While the development and acceptance of 
computer aided diagnosis in other areas 
could provide considerable impetus for the 
construction of such a system, there is no 
need to wait for this uncertain event. In 
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fact, a diagnostic manual a little bit like 
this has been constructed by D. H. Stott. 
and Miss E. G. Sykes of the University of 
Bristol in England. The Bristol Social 
Adjustment Guides (1958) consist of a set of 


forms for the systematic recording of a’ 


child’s behavior which can be analyzed to 
provide diagnostic information and sugges- 
tions for treatment. Perhaps it will be pos- 
sible to construct a manual which would 
eliminate the necessity of asking everyone 
the same questions. Once it is known that the 
subject is not married or an only child or 
paranoid, one could go to a certain section of 
the manual constructed for such cases and 
progressively narrow down the rumber of 
possibilities. There is a popular book which 
approached best seller status some years 
ago in which this method was applied 
(Loewenstein & Gerhardi, 1942). Since it 
was not based on statistical analyses it was 
not very adequate but the principle of 
asking only pertinent questions was present. 

Before closing, we should consider the 
question whether completely automatic 
diagnosis without human _ intermediaries 
will ever be possible. Clinicians will say: 
No! A machine will never be able to develop 
empathy. The computer enthusiast will say: 
But given enough instances a_ heuristic 
program stored for such eventualities could 
develop or learn a reasonable facsimile. 
It seems best to straddle the fence on this 
one. 
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we Can the Computer Supplant the Clini- 
a cian?, Wayne H. Holtzman, The 


Droe- University of Texas 
884! Abstract.! A machine cannot interact with 
ems, 


‘omp{the subject as the clinician does, but ma- 
_  dehines could help (a) in collecting routine 
ionall information such as biographic details or 

MMPI test responses; (b) in processing test 
7 of protocols; and (c) in making certain types 
Conjjof interpretations based on actuarial predic- 
. tions. As an example of machine processed 
daily protocols, the Holtzman Inkblot Test is 
Diag discussed. An IBM 650 program for con- 
indaffigural scoring has been written by E. 
1959|Moseley and G. McCollough. The unique 
contributions of the clinician are “his 
xperience and intuition, qualities lacking 
in the computer except in a trivial sense.” 
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bi. ratory Machine for Research on 
8. 3; Automated Teaching Procedures, 
vital Harry F. Silberman, System Devel- 
ellies opment Corporation 

diag} This will be a description of a plan to use 
1. (bfa computer as a research tool for teaching 
rchedstudents. The computer will be used for 
Tes 


studying different teaching procedures with- 

ut having to build a new machine for each 
ougProcedure to be studied. Let me mention 
torygthat the term program refers to a computer 
‘|program and the term item set refers to a 
group of subject matter questions. 

It is being shown with increasing fre- 
dren (Ueney that simple reinforcement principles 
ra ef be used to promote human verbal learn- 
ndoniig When applied in teaching machines. By 
teaching machine is meant a device that 
‘ramipresents problem materials to a student, 
Datérequires the student to respond to these 

materials, and provides the student with 
com, a hl . ° 
(‘ont Knowledge of results. leaching machines 
vary in complexity from a simpie paper 
- thelevice to a digital computer. In a_ pilot 
iencastudy we conducted recently, an attempt 


a was made to study various features of such 
uter 
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1'The full text of this paper by Dr. Hoitzman 
appears in the Journal of Clinical Psychology, 
1960, 16, 119-122. 
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devices by using a human experimenter to 
simulate the control mechanism of the 
machine. It soon became apparent that 
manual simulation of some aspects of a 
teaching machine was not suitable. Intricate 
methods of sequencing subject materials had 
to be reduced to simplified procedures due 
to experimenter limitations. These pro- 
cedures were poor substitutes for the origi- 
nally planned treatment conditions, so we 
decided to use a computer for subsequent 
experiments. That is, a computer would be 
programmed to act as a teaching machine. 
Nancy Anderson at IBM has already demon- 
strated the feasibility of using a computer to 
teach binary arithmetic (Rath, Anderson, 
& Brainerd, 1959). 

As to the goal of our research with this 
tool, we feel that machine responsiveness to 
the student is a variable that has not re- 
ceived enough emphasis in existing teaching 
machines, so this research is directed pri- 
marily toward an appraisal of the effect of 
dynamic adaptation of instructional pro- 
cedures to the individual student. Our prob- 
lem is to determine what are the salient 
aspects of student behavior to which the 
machine should be responsive and what 
transformations occur between the student 
behavior and the machine outputs in order 
to optimize learning. 

Potential capabilities of this research tool 
are quite extensive. The combined effect of 
manipulating a fairly large number of 
variables can be studied. The machine will 
be responsive to different types of student 
behavior such as response latency, errors, 
questions, commands, and self evaluation. 
The machine will interact with the student 
and attempt to minimize both the number 
of student errors and the time required to 
complete a lesson. This might be done by 
appropriate modification of the rate, se- 
quence, type, and amount of information 
presented to the student in response to his 
behavior. 

To illustrate the operation of the machine, 
I might describe a possible design for the com- 
puter program being formulated. First let’s 
define four terms: basic series, item type, 
subject mastery index, and. constraint. A 
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basic series is any prespecified sequence of 
subject matter items that constitute a 
teaching approach. One basic series starts 
with specific facts and works inductively up 
a tree of examples ending in a general prin- 
ciple. Another basic series starts with the 
principle and ends with specific examples of 
the principle. Second, item types. Subject 
matter items may be classified according to 
functions such as introduction items or re- 
view items. Third, the subject mastery index 
is a value which provides a method of order- 
ing concepts or teaching subgoals into levels 
of difficulty. A student’s success or failure 
on a set of subject matter items covering a 
particular concept or subgoal changes the 
value of a counter in a given storage loca- 
tion corresponding to that subgoal. Con- 
straints are rules that are used in selecting 
subject matter items for a particular sub- 
goal or concept. Constraints might, for 
example, be imposed on the number of 
items of each type that are selected for a 
particular subgoal, or the sequence in which 
the item types are selected. 

With these terms the functional steps of 
problem selection might be programmed as 
follows: Start presenting items in the basic 
series, evaluating the student’s response, 
and giving him feedback on his performance. 
If a certain number of items are missed on 
a part of the series, start the student on a 
remedial detour. Establish which subgoals or 
concepts are relevant to this portion of the 
basic series and sense the subject mastery 
index of these concepts to determine which 
concept to cover first. Then select the items 
covering this concept according to the con- 
straints imposed on item selection. When this 
subgoal is covered, pick up the next sub- 
goal and then the next until the relevant 
subgoals are completed and then return to 
the basic series. 

If a certain number of these remedial 
detours occur or if an excessive amount of 
time is spent in a detour, or if the student 
tells the machine that he is “‘lost”’ (by press- 
ing a certain key on the input keyboard), 
then several things can be tried. An alternate 
set of constraints can be used during subse- 
quent remedial detours. If this doesn’t 


work, try an alternate basic series. If this 
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give up on the student and tell him to 

a ten minute break. On the other hand 
the student was doing well on the ori 
basic series, sense the subject mastery inda 
and decide either to skip the rest of 
items in a particular concept and go to t 
next concept, or just continue in the basi - 
series until the lesson is completed. 

This represents only one of several 
proaches which might bé programmed f 
experimental purposes. There are, of cou 
many problems associated with such 
approach. One can easily overestimate 
extent to which the teaching process can 
automated and underestimate the difficul 
of the programming task. The output mee 
nism is also a potential source of troubl 
We are considering a random access ex 
ternal slide projection mechanism as 
output unit. Each slide would contain o 
subject matter item. Preparation of th 
items, of course, is one of the most importa 
problems we have. 

Probably the difficulty of accomplishi 
the programming is much less of a proble 
than is the determination of what to p 
into the program model. Potentially signi 
cant hypotheses are not readily appare 
One method of obtaining hypotheses is 
choose a particular theoretical learni 
model and make the tutoring program t 
complement of this model. Another meth 
is to obtain a verbal description from 
specific tutor on how he teaches and try 
simulate this description. 

Possible outcomes of using the comput 
as an experimental laboratory machine 1 
clude information on how production devi 
ought to be modified, or how more efficien 
sets of items can be constructed for co 
ventional devices. But most important, a 
answer should be obtained to the questio 
of whether or not machine responsivene 
contributes significantly to effective teach; 
ing. 


doesn’t help, start repeating items and t 
t 
iy 
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intelligence in Computers: The Psychol- 
ogy of Perception in People and 
in Machines. Leonard Uhr, Mental 
Health Research Institute, The Uni- 
versity of Michigan. 


Simon and Newell (1958) have asserted 
that ‘‘within ten years... the digital com- 
puter . . . will be the world’s chess champion, 
... Will discover and prove an important 
new mathematical theorem, ... will write 
music ... possessing considerable aesthetic 
value.” ...and that most psychological 
theories will be computer programs. 

This is probably even more startling to 
those scientists who are working with com- 
puters than to the layman. (And, in fact, 
most computer engineers appear to be 
tolerantly skeptical.) For the computer is, 
as well as an enormously powerful machine, 
an enormously stupid one. It is really 
nothing more than a set of switches—an 
abacus gone mad with size and speed. But 
Turing and McCulloch and Pitts have shown 
that it is capable of doing anything that its 
functionally equivalent duplicates—logic 
(Turing, 1936) and brains (McCulloch & 
Pitts, 1943)— are capable of doing. On the 
other hand, there is no algorithm (that is, 
decision procedure) for most interesting 
problems in mathematics, much less the 
sciences and arts. So heuristic methods, 
and especially those of the brain, must be 
discovered. Any scientist who assumes that 
non-describable, mystical entities do not 
play a part in the functioning of “mind” is 
forced to accept that the computer and mind 
are (potentially) functionally equivalent, no 
matter what his position as to consciousness, 
mind-body, and similar problems. Program- 
ming intelligence into the machine black 
box should be easier than determining it in 
the human, and can’t help but be relevant 
to the latter problem. 

In contrast to this potential power, the 
actual non-algorithmic use of the computer 
today is as a permanently arrested embryo; 
or, at best, an idiot savant. The complicated 
things that it can do simply, or that happen 
to be built in (for example, arithmetic, 
calculus, remembering), it does phenome- 
nally well. Much simpler and/or more in- 
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teresting things (information retrieval, 
recognition, decision making, creative think- 
ing) it can scarcely do at all. Yet it is capable 
of all these—exactly as capable as the human 
brain—and capable of using the brain’s 
(or even better) methods. 

The computer’s potential abilities can’t 
really be appreciated until they are con- 
trasted with its basic simplicity. The sim- 
plest way of looking at a computer would 
be to compare it to several strings of beads. 
Take one string of beads and you have the 
abacus. The string of beads now can be used 
for any mathematical operation, based 
obviously on counting. Take a second string 
of beads and use this to store information. 
Use notched beads placed in two positions: 
notch up or notch down. Now our abacus 
operator uses his first string to perform 
operations on information that he notices 
on the second string. And when the operator 
gets answers he puts them onto the second 
string for his input-output colleague to 
read off. This is quite an exact description 
of the computer. 

Increase the size of the first string, ac- 
tually not very much, and build some fancy 
short-cuts into it, fancy only in the way the 
modern day abacus is fancy. Increase the 
size of the second string enormously (for 
example, the IBM 650 has 2,000 of these 
strings, each string about 35 beads long, 
arranged on a magnetic memory drum that 
whirls around at the speed of 200 revolutions 
per second. The whirling is only a method 
to allow access to any one of the strings in 
as short a period of time as possible). Re- 
place our abacus operator by electronic 
switches. Now instead of moving at best a 
few beads per second, we are limited only 
by the speed of light. (Computers in opera- 
tion today are able to make several parallel 
moves at speeds of around a million per 
second.) Further, logical arithmetic opera- 
tions can be done in parallel. This amounts 
to a very simple bartering of components; 
that is, increasing the number of logical 
circuits to get speed. Here, certainly, is an 
interesting analogy to the human with his 
millions of input cones in the eye and hun- 
dreds of thousands of parallel transmitting 
neurons in the optic nerve. Von Neumann 
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made the provocative point that the brain 
appears to have an entirely new method for 
deductive logic—one that seems to involve 
much less ‘‘depth” in the number of steps 
(neural layers) necessary to reach a con- 
clusion (1958). 

Very interesting further technological ad- 
vances are being perfected in the laboratory. 
People are already writing papers worrying 
about the speed of light as a limiting factor, 
or suggesting the use of individual free 
electrons as storage units. Here is a beauti- 
fully simple gadget of exactly the same sort 
of simplicity as the brain. 

The typical small computer (IBM 650) 
today has a memory storage capacity of 
about 100,000 bits. The large computer 
(IBM 704) has a fast access storage capacity 
of several million bits, plus many millions 
more on tape or discs. Disc memories are 
modelled on the juke box. They now store 
up to a billion bits of information with 
average access time of less than a second. 
The interesting thing here is that the slow 
access time memories are now reaching the 
capacity that has been estimated for the 
human brain (10"). (The high speed logical 
operations and fast access memories have 
always been a great deal faster than the 
brain.) 

Ten years ago the computer was an inter- 
esting, but hopelessly oversimplified, analogy 
to what the brain might be. It is today 
identical in certain aspects (switching times 
less than a microsecond; memory storages 
approaching a billion bits). It promises, 
within the next ten years, to actually achieve 
—in potential—all the powers of the human 
brain. 

There are several major psychological 
functions for which machines must be de- 
veloped, for which, today, the tentative 
foundations of a “psychology of machines” 
are being laid. Probably the most interest- 
ing work at the moment is going on in 
cognition—in theorem-proving, problem- 
solving and game-playing machines (Newell, 
Shaw, & Simon, 1959; Gelernter, 1959; 
Gelernter & Rochester, 1958). Most people 
appear to feel that, although one of the 
least advanced, the field of greatest ultimate 
importance is learning—if only, because as 
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with people, it will be too complicated to 
write specifications for intelligent machines 
(Friedberg, 1958; Samuel, 1959; Kilburn, 
Grimsdale & Sumner, 1959). 


PERCEPTION MACHINES 


The greatest amount of work has been 
done in the theory and design of machines 
that perceive. Yet relatively little use has 
been made of existing knowledge of the 
human perceiver. But the human machine 
is a “perceiver” that far surpasses any pro- 
posed human-made machine. Its very 
existence is a living demonstration of what 
can be done. It seems especially promising 
to design machines as humans appear to be 
designed, in areas where humans do better, 
And the recasting of human specifications 
(that is, of the science of perception, and 
the related fields of psychology) into ma- 
chine-compatible specifications could give 
clarity and rigor to the language and con- 
cepts of psychology, and open the _possi- 
bility of man-machine comparisons, cross- 
simulations, and substitute experiments. 
(That is, the use of a machine as subject 
when it is desirable to vary a factor that 
cannot be tampered with in people—for 
example, previous experience. Or the use 
of a person in the same way—for example, 
to get phenomenological correlates of be- 
havior.) 

There is a critical need for better per- 
ceptual mechanisms in machines. The sen- 
sory mechanism problem is probably close to 
solution, with a rapid advance in the art of 
flying-spot scanners and contour trackers, 
photo-electric cell arrays, and similar optical- 
mechanical-electronic gadgets. But the true 
perceptual processes, the information-proc- 
essing and recognizing of the inputs sensed, 
are still at a primitive stage. 

Most information-processing uses of com- 
puters boil down to manipulations of alpha- 
numeric symbols——-numbers or words. These 
symbols, manipulated by the millions per 
second, must first be prepared by a human 
being at a keyboard, at the rate of 10 bits 
per second. There are potential uses of the 
computer of great importance—for example, 
automatic storing, indexing and dissemina- 
tion of information in books, journals and 
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documents, abstracting, and translating— 
that wait chiefly on an efficient input device. 
In other fields, automatic readers are vitally 
needed for things like radar, bubble cham- 
bers, Star maps, aerial photos, EEG’s, Morse 
code, verbal commands, Finnegans Wake. 


Local processing methods 


At the simple-minded extreme are ma- 
chines that process specially prepared bank 
checks (Broido, 1958). Most merely sense 
dots and matrix cells, but placed in special 
arrangements so that they compose into 
letters. That is, they sense specific atomic 
elements in particular positions of an ex- 
ternally superimposed matrix, and merely 
match these up against successive patterns 
or templates until congruents are found. 
Relatively successful as this has been when 
given the flexibility of sub-part matching 
(Shepard & Heasly, 1955; Heasly, 1959), a 
small ability to wobble or wiggle (Bailey & 
Norrie, 1957) plus tolerances for noise, 
both its ultimate power and psychological 
) interest can be questioned. Methods of this 
sort will not work to the extent that mem- 
bers of a common class can vary (say from 
an open-looped squared 4 to a closed, curved 
4, when similarly cross-varying 9’s exist). 
And they become excessively complicated 
when special recognition programs or se- 
quences have to be built in for each variation 
, that might occur on the meeting, not-quite- 
meeting, crossing, or slanting between two 
line segments, for example from Roman to 
Italic face. 

On the other hand, simple-minded and 
fallible as this type of template or atomistic- 
matching approach may be, it is certainly a 
‘model for perception. In fact it is close to 
the classical associationist model, with oc- 
casional modulations of sophistication. Here, 
then, is an interesting operational test for 
this sort of approach—demonstrating both 
a surprising power and, probably, funda- 
mental ultimate limitations. 

The name “analytic” has been given the 
methods for perception that show, in the 
opinion of most people, the most immediate 
promise. These might best be described as 
the methods for abstracting from combina- 
tions of basic units particular features or 
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qualities of importance, for identifying 
rather more abstract and complex things 
like edges, ends, curves, angles, and slopes 
—in general, for analyzing rather than 
matching. These approaches suggest things 
like synaptic summation, cortical projection 
areas, qualities, abstraction and classifica- 
tion, even mentalistic concepts like ideas 
and ideals. 

A number of very interesting programs for 
digital computers have been written during 
the past five years for clever perception- 
transducing tricks. For example, Selfridge 
(1958) and Dineen (1955) demonstrated 
ways to sharpen edges and to find angles by 
means of local operations—that is, through 
examination of single spots in relation to 
their immediate neighborhoods only. Thus, 
noise is eliminated; the figure is made 
“good.”’ Kirsch, Cahn, Ray, and Urban 
(1957) at the Bureau of Standards have 
programmed their computer to point to, 
delimit, compute the size of, and count 
separate objects. Here the computer is be- 
ginning to find figures in a ground. Uttley 
(1956) discusses perception by a conditional 
probability machine. This is a machine that 
does not merely follow rigid directions. 
Rather, it acts on the most likely alternative 
in an uncertain situation. Greanias, Hoppel, 
Kloomok, and Osborne (1957) at IBM have 
programmed their computer to recognize 
certain slope relations and _ line-segment 
sizes. Kamentsky (1959), at Bell Labs, 
working with a photoelectric mosaic remi- 
niscent of the retina, can identify angles, 
endpoints, and closed loops. In all of these, 
a succession of one-step operations mirrors 
the layer-to-layer transformations in a logi- 
cal or neural net. Unger (1958, 1959), by 
making use of combinations of these opera- 
tions, has programmed an unusually suc- 
cessful computer. 

A statistical approach leads to a rather 
different type of model (Clark and Farley, 
1955; Taylor, 1959)—in its extreme form, 
Rosenblatt’s Perceptron (1958a, b, ¢; 1959): 
In general, this is the class of machines that 
most consciously simulates the randomly 
connected, self-organizing aspect of the 
brain. Rosenblatt is extreme in that he 
posits connections that are completely ran- 
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dom in the sense that none of the original 
spatial ordering of the sensory input is 
preserved across the synaptic-like connec- 
tions to the response mechanism. He claims 
to have proved that, by proper selection of 
certain parameter values, a machine can be 
built that will correctly classify and identify 
spatial (that is, dimensionalized, metri- 
cised) qualities and objects, despite the 
complete chopping up of the metric. 


Relational processing methods 


Finally, the analytical approach toward 
stronger relational analyses of forms. These 
methods, which seem to be the most promis- 
ing and the most reasonable, are already 
giving indications of striking power. Sher- 
man (1959) is writing a program for reading 
alphanumeric symbols by means of topo- 
logical characterization, followed by identi- 
fication of geometric properties such as 
lines and angles. Grimsdale, Sumner, Tunis 
and Kilburn (1959) have recently described 
a program they have written and run that 
has done all of these things and more, al- 
though in a less systematic way. They 
present examples of characters that their 
machine identified that are barely identi- 
fiable by a human observer. Their program 
is not in the least bothered by positional 
deviations or rotations. It identifies con- 
tinuous segments, and characterizes lengths, 
slopes and curvatures. It builds up its own 
recognition tables. When it gets confused, 
it gives a precise probability-like estimate 
of its confusion. It was designed merely to 
identify printing. But, whereas the simpler 
commercially built machines will discrimi- 
nate between a dozen or so standard figures, 
it has discriminated between a hundred or 
more classes of figures (that is, classes across 
the variations of type fonts). 

Remember how completely almost any 
object is characterized by an outline draw- 
ing (that is, by its contour) and how thor- 
oughly a contour can be analyzed into simple 
line segments, and how limited is the 
human’s perceptual span. We can see how 
close this machine is coming to perceiving. 
Here, then, is a model for perception that 
really works. It suggests a simple set of 
basic elements into which any perceived 
object can be reduced, or mapped, so that 
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transformations over typefaces and hand. 
writings will all map into the same specifica- 
tion list. 

Consider lines of eight possible lengths, 
eight possible slopes and eight possible 
curvatures. This is, roughly, the capacity of 
the human perceiver when he makes abso- 
lute judgments (Miller, 1956). It is probably 
larger than the number of meaningful dis- 
criminations needed to read printing. A 
program I am now coding will (I hope) 
follow line segments, while under the con- 
trol of an assessing sub-routine, until it has 
identified a complete element as one of this 
9-bits worth of possible elements (Uhr, 
1959). It will identify the next element, 
store the relative location at which elements 
touch, and continue until it has completed 
the figure. 

These elements seem almost ‘‘natural” 
ways of describing figures—especially man- 
made figures, such as letters. For example, 
an “A” equals a vertical left and a vertical 
right touching at the top; with a horizontal 
line joining their middles. A ‘‘B”’ is a vertical 
left with right top and bottom curved loops, 
both closed. An ‘‘R”’ differs from a “‘B’’ in 
that the bottom right line does not form a 
closed loop. Notice how imprecise the speci- 
fication of a line’s qualities can be, and 
probably should be. Even handwriting, 
when reduced to this sort of element, should 
give the standard characterization. 

The letters to be ‘‘re-cognized”’ are stored 
in the computer’s memory, along with their 
characterization lists—literally, what they 
look like. The computer first searches these 
lists to find out what to look for—what type 
of element to expect—in the figure it is 
trying to identify. Thus, the lists determine 
the directions in which the computer will 
search. They seem suggestive, In many ways, 
of our concept of “ideas” or “images.” 

Rather than using one standard list, the 
machine ean also, in a pinch (that is, when 
it is uncertain, or when it gets a group of 
strange new objects), make use of its own 
processing powers to recharacterize and 
draw up a parallel list for the new unas- 
similable. 

Before this processing begins, the figure 
is found in the field by means of a routine 
for sensing large homogeneous areas. Then 
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specific parameters are set—much like size- 
and object-constancy processing by hu- 
mans—to be used for later normalizing and 
comparing of subelements. Figures are 
sharpened by a single process that does 
something much like drawing an average 
or essence-giving line through the figure. 
This process makes use of a Gestalt-theory 
concept: a force field toward closure and 
toward the “good” figure. Here, I would 
suggest (if it works), is another interesting 
indication that whole new sets of concepts 
are opened to operationalizing by the com- 
puter—and these not infrequently among 
those that have seemed especially fuzzy or 
intractable (indeed, possibly merely be- 
cause of their complexity and power, which 
only now can be matched by an equally 
| powerful methodology). A few aspects of 
Gestalt theory seem to fall naturally in 
place here—for example, the forces at play 
in illusions such as the Miiller-Lyer, which 
seem, from this point of view, reminiscent 
of an essence line driving through a figure. 
) This might account for the invention of that 
nemesis of the nonhuman machine, the (for 
people) harmless, almost helpful, serif. 

There are, I think, some _ interesting 
machine-human comparisons, and cross- 
deductions, that can be tested on these 
machines that analyze relations. For ex- 
amples: if, as seems to be the case, people 
take in about 20 bits of information per 
“glance” (10 to 200 milliseconds), will the 
machine be able to perceive as well, given 
this limit? If the machine is programmed to 
make only seven magical discriminations 
along the dimensions of form qualities, will 
Lthe uncertainty and ambiguity thus pro- 
grammed in mimic the human’s uncertainty? 
Might this be a successful abstracting fea- 
ture, in that it causes the machine to gen- 
eralize and see ‘‘similarities’’ where people 
do? When the machine gets confused by 
superimposed figures, will they be the same 
figures that confuse people? 

The way these programs make more 
complex upon more complex analyses is an 
intriguing thing about them. They ex- 
amine relationships, make comparisons. 





They identify emergents, and finally wholes. 
They seem suggestive of wholistic and 
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phenomenological approaches that we often 
tend to feel are too vague to operationalize. 
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Theory Construction or Fact-Finding in 
a Computer Age?, Charles Wrig- 
ley, Michigan State University 


My original intention when agreeing to 
participate in this symposium was to try to 
review the use of computers by psychologists 
both in retrospect and in prospect, discuss- 
ing the two questions: How far have we 
come? And where are we heading? 

There has been spectacular growth both 
in the number of university and research 
computer installations and in the number of 
psychologists using them. More than 100 
universities have computers by now and the 
electronic computer is clearly going to re- 
place the desk calculator and the punched 
card machine as our main computational 
aid. Time could usefully be spent consider- 
ing the lessons of this development and the 
practical problems still to be resolved of 
organizing and staffing these computational 
centers. 

But there seems to me to be a more im- 
portant issue than these practical ones of 
hardware and personnel, and that is whether 
these technical developments are going to 
change our views upon psychological method 
—that is the problem to which I have de- 
cided to address myself today. Advances in 
instrumentation have often affected progress 
in other sciences. For example, chemistry 
+benefited immeasurably from the develop- 
ment of glass instruments, astronomy from 
the telescope, biology from the miscroscope. 
The question I keep asking myself is: Will 
the computer do the same for psychology? 
In particular, will there be a change in the 
balance between theory construction and 
‘fact finding? Psychological methods have 
changed in the past. At one time theorizing 
of a philosophical nature was in high repute. 
So was the procedure of examining the con- 
tents and processes of one’s consciousness. 
Later the study of overt behavior, and es- 
‘pecially of animals, became focal, and the 
method of introspection began to look rather 
tarnished. After Freud, the method of free 
association gained a new respectability, and 
the couch became a standard piece of psy- 
chological equipment. 

We live in the shadow of the Hullian 


{theory construction, which has dominated 
' 
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the American psychological science for the 
past quarter of a century. Hull’s methods 
were modeled upon those of Newton, as he 
understood them, and he undoubtedly as- 
pired to be the Newton of psychology. The 
cornerstone of his psychological method was 
the hypothetico-deductive procedure. The 
first step was statement of a set of postulates 
and corollaries. In the final statement of his 
system, there were, as you will know, some 
17 postulates and a further 17 corollaries. 
Consequences were deduced from these 
postulates and corollaries, and then experi- 
ments were designed to find whether the 
empirical observations agreed with the 
theoretically derived expectations, or hy- 
potheses. If they did, the experiment was 
taken as supportive of the theoretical sys- 
tem. If they did not, then the postulates 
were revised and new conclusions deduced 
in the hope that the new set would better 
fit the experimental evidence. 

The hypothetico-deductive approach has 
been very widely accepted. Theory and 
hypotheses have provided the start for the 
majority of investigations. Any study with- 
out this formal structure has been labeled 
“exploratory” and relegated to lower status. 
Each graduate student has had to go into 
the fray armed with his hypotheses, even 
though inevitably some of the hypotheses 
have partaken more of the form than the 
spirit of Hull. In a thesis I saw a few years 
ago, the author’s hypothesis, presented 
boldly on the first page, was that his vari- 
ables would prove to be associated, and 
thereafter, having given at least lip service 
to the prevailing ideology, he proceeded to a 
purely exploratory study in clinical psychol- 
ogy. 

We now stand far enough away in time 
from the genius of Hull to see limitations 
as well as strengths in his approach. Theory 
is an ambiguous word in psychology. Some- 
times we refer to what would be more 
precisely named “‘speculations,” i.e., proposi- 
tions supported only by very flimsy ob- 
servational or experimental evidence, if any. 
These are the pre-scientific speculative 
theories of which psychology has already 
had ample measure in its scholastic days. 
Theories of personality have tended to re- 
main of this type up to the present time. 
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Hypothetical constructs with their ‘“sur- 
plus meaning” seem to me to have this 
speculative basis. 

On the other hand, we sometimes refer 
to what might be better called ‘generaliza- 
tions” which subsume under them an 
amount of detailed experimental evidence. 
Generalizations of wide scope may be digni- 
fied with the name of “law.”’ The Weber- 
Fechner Law may perhaps serve as an 
example of experimentally-induced generali- 
zation. From this standpoint, intervening 
variables are to be regarded as constructs 
which summarize the experimental evidence. 
For example, “intelligence” is an interven- 
ing variable which cannot be observed but 
can only be inferred. When we judge some- 
one to be intelligent, we are merely sum- 
marizing a number of observations and test 
situations in which he has performed ef- 
fectively. 

It seems easier to construct speculative 
theories than to test them experimentally. 
Many of them continue the pre-experimental 
scholastic tradition in psychology, and have 
no more scientific value than theories of 
alchemy and astrology. Even Hull, with 
his formal use of a geometric model, has 
overtones of scholasticism. Speculation 
seems to die hard in affairs of the human 
intellect. Repeatedly, scholars are more 
concerned with the coherence of ideas, one 
with the other, than with their correspond- 
ence with facts. But there are two ways in 
which speculative theories can be useful. 
The first relates to their imaginative and 
intellectual challenge. Occasionally a psy- 
chologist, by virtue of his talent for unex- 
pected and unobvious theorizing, presents 
viéws which modify our outlook on human 
behavior despite their non-experimental 
character. I should classify the writings of 
Freud in this category. There still seems to 
be a place for myth-making in psychology, 
provided it is the myth-making of a genius. 

The second use of speculative theories 
lies in their capacity to stimulate experimen- 
tation. A theoretical framework seems often 
to have a focusing effect in scientific en- 
deavor, so that there is less likelihood of 
that rather aimless research which consists 
in counting or possibly merely recording in 
infinite detail the first observations which 
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the investigator happens upon. Theorizing 
can play a problem-generating function, 
The theorizing is an amusing game which 
apparently helps the researcher in defining 
his problem and in devising a design for its! 
investigation. 

The example of Hull, however, warns us 
that we have to be very cautious in using 
theory in this way. The solid contributions 
to our science are the experimental findings, 
and not the theories which have been their 
precursors. If the experiment has been prop. 
erly controlled and is replicable under 
those conditions, then the experiment. be- 
comes part of the enduring body of science, 
which no amount of subsequent theorizing 
can explain away. The theory. stays, how. 
ever, what it always has been, a purely 
speculative affair that will in nineteen cases 
out of twenty wither away, since it is highly 
unlikely in these early days of psychology’s 
history that we should be able to arrive at 
generalizations which will indeed fit a very 
wide range of phenomena. It seems to be 


that this is illustrated by Hull’s own history.) 


The experiments which he inspired are his 
main scientific contributions. In retrospect 
his theories are coming to appear more and 
more contrived, and less and less useful in 
predicting the behavior of a rat, let alone 
that of a man. 


Theory construction dangers 


The danger of a theory is obvious. The 
theoretician can easily become more de- 
voted to the theory than to the experimental 
findings. When using the hypothetico- 
deductive method, failure of the experimen- 


tal findings to agree with the theoretical! 


predictions is supposed to indicate needed 
revision of the theory. But when results do 
not turn out as hypothesized, the investi-! 
gator is in a dilemma. All too often, he 
clings resolutely to his theory, and _ prefers 
to try in some fashion to explain away his 
or his rival’s experimental evidence. Nor is 
the position much happier for him if he 
follows the alternative policy of accepting 
the experimental verdicts and then con-} 
stantly modifying this theoretical structure. 
After a while, his so-called theory changes 





into a quagmire of uncertainty and doubt. ' 


These difficulties are illustrated in_ the! 
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history of learning theory. Hullians and 
Tolmanians had recourse to the same body 
of experimental findings; yet their theories 
did not merge. It proved very difficult to 
design critical experiments which would 
decisively decide between the rival inter- 
pretations. It always seemed possible to 
explain the Hullian results from the stand- 
point of the theories of Tolman and vice 
versa. 

In accepting Newtonian physics as his 
model, Hull seems to me to have erred in 
two ways. The first is that classical physics 
had been far more inductive and fact-finding 
and far less theoretically oriented in its 
growth than he supposed. It was not that 
Newton started with theories of planetary 
motion and then, deducing the consequences, 
confirmed by astronomical observations 
that this was how the planets actually 
moved. It was rather that the painstaking 
observations had been made by Tycho 
Brahé nearly one hundred years before, and 
it was these observations that Kepler and 
then Newton were stimulated to try to ac- 
count for. A similar priority of fact-finding 
occurred incidentally in biology. It was not 
that Darwin formalized the evolutionary 
theory and then sought evidence in its sup- 
port. Naturalists had collected living and 
fossil evidence for centuries. Darwin him- 
self had important field experience. It was 
only after thorough perusal of the facts that 
he proceeded to construction of his theory. 

Hull’s second error lay in his selection of 
physics as the model science for psycholo- 
gists to emulate. The movements of a pianet 
seem to be determined by far fewer ante- 
cedents or stimuli than the behavior of a 
child. If an analogy must be taken from the 
physical science, then we should turn to 
meteorology rather than to astronomical 
physics. Far more antecedents have to be 
taken into account in deciding when it will 
next rain than when the next eclipse will be. 
It is not surprising that the Weather Bureau 
has become a major computer user, and 
that the larger the computer memory, the 
better. 

Hull hoped for a psychological theory 
which would arise, like Ariadne, fully- 
fashioned from the waves. I agree entirely 
with Broadbent (1958) when he points out 
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that Hull’s expectations were so specific 
that it was hardly likely that they would be 
fulfilled, and that it would have been better 
tactics to have asked more general questions 
which would indicate the theoretical direc- 
tion in which the answer might lie. As Broad- 
bent puts it, ““The ideal at early stages is to 
perform experiments with only two possible 
results, and to say, ‘If A occurs, a theory of 
this general type must be true; if B occurs, 
it cannot be.’ ” 

But even Broadbent, so it seems to me, 
is too concerned to gird himself with some 
theory. Why, we may ask, has psychology 
not attained the high degree of precision in 
its laws that physics has? The plea is often 
made that this is because psychology is 
such a young science. With respect to the 
experimental treatment of psychological 
data, this is true. It is still less than one 
hundred years since Fechner published his 
pioneer work. But in another way our sub- 
ject is really a very old one. Judging from 
the early manuscripts, humans seem to have 
been pondering about behavioral complexi- 
ties for just as long as they have about the 
movements of the heavenly bodies. The 
fundamental difference, I suspect, is the 
greater complexity of psychology. Predic- 
tion is always hazardous, especially when 
it is a negative prediction, but my guess is 
that we shall never attain to the rigorous 
and tightly-structured theories of physics. 
As I see it, our task in psychology is to es- 
tablish functional relations between predic- 
tors (or antecedents) and predictands (or 
consequents). These functions are likely to 
be probabilistic in nature, and to contain 
multiple predictors and multiple predic- 
tands. The more predictors that are included 
in our equations, the higher will be the 
probability with which we can predict the 
outcome. These functional relations will be 
the generalizations which will correspond 
with the theoretical laws of physics. Let me 
examine more closely the situation in which 
the weather forecaster finds himself. He, 
too, wants to establish functional relations 
between a set of predictors (viz., present 
temperature, humidity, pressure, air move- 
ment, etc., as reported by a network of sta- 
tions) and a set of predictands (temperature, 
precipitation, etc., as they will be in Cin- 
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cinnati tomorrow). Now the weather, as you 
will know, is determined in large measure by 
atmospheric movements, and these move- 
ments are determined in turn by physical 
laws governing pressure and temperature of 
the gases which comprise the atmosphere. 
These laws are mostly known and of a high 
degree of precision. Meterology thus has a 
dependable theoretical basis in physical law 
to a much greater extent than psychology 
has in biological law. Yet, despite the 
availability of these well understood and 
generally accepted physical laws, the school 
of weather forecasters at Massachusetts 
Institute of Technology is finding that it 
can make just about as accurate forecasts 
by excluding these laws from the analysis as 
by including them. That is to say, forecast- 
ing can proceed in either of two ways. Ra- 
tional deductions can be made from the 
present state of the weather system, in terms 
of the known physical laws, as to what the 
weather will be like tomorrow; or alterna- 
tively, past observations and their outcomes 
can be utilized on a purely probabilistic and 
statistical basis to determine appropriate 
weights for predicting outcomes for new 
weather configurations probably never 
before recorded. Present evidence is that the 
second, which excludes theory, is just about 
as effective as the first, which includes it. 
Likewise in psychology, what we want to 
do is to establish functions between predic- 
tors and predictands. Given a certain stimu- 
lus configuration and a certain organismic 
heredity, experience, and contemporaneous 
state, how will the organism behave? Why 
not try to establish the functions between 
stimuli and responses directly and without 
reference to any preconceived theory? On 
this view, even intervening variables are not 
to be regarded as necessities but only as 
matters of operational convenience. The 
intervening variable, as adopted by Tolman, 
seems to have been introduced to account 
for intra-organismic and _ inter-organismic 
variability in responding to the same ex- 
ternal pattern of psychological stimulation. 
Differences in overt behavior were to be 
attributed to inferred differences in reaction 
potential, habit-strerigth, drive, intelligence, 
etc. Now reaction potential has to be in- 
ferred from latency and reaction amplitude. 


CoMPUTERS IN BEHAVIORAL SCIENCE 


Why then include reaction potential in our 
function? We might do better to restrict 
the function to the measurable latency and 
reaction amplitude. 

The position developed here might seem 
to imply a concern only with the input and 
the output of the organism, and a disregard 
for its neurophysiology. That is not so. A 
function linking input and output is useful 
but is only part of the story. It would add to 
our factual knowledge to determine a further 
function linking behavior to neurophysio- 
logical change. This latter function provides 
us with better knowledge of the intermedi- 
aries which link the input and output of the 
organism. 

The traditional scientific method has re- 
quired only one predictor to be changed, 
and the effect determined upon a single 
predictand. This simple procedure was 
needed since there was no statistical or com- 
putational way of disentangling the effect of 
a number of predictors operating simulta- 
neously. Theory was then helpful in_pro- 
viding a rational criterion for selecting one 
rather than another predictor for experi- 
mental manipulation. But multivariate sta- 
tistics is making it possible to disentangle 
the effects of a number of predictors varying 
simultaneously, and the work, because of 
the development of computers, is no longer 
intolerably lengthy. The main influence of 
computers, I want to suggest to you, will be 
that the search for functional relations can 
be carried out directly rather than by the 
mediation of theory. 

Let me finish by briefly summarizing my 
argument. Facts are more enduring in sci- 
ence than theories. The theories change in 
terms of new observations. The facts, pro- 
vided they are properly collected and are 
replicable, become part of the permanent 
body of scientific knowledge. Computers 
are making possible a much more intensive 
search for multivariate functional relation- 
ships. Theory therefore becomes less im- 
portant in guiding us as to what to focus on. 
Some psychologists should theorize, but it 
is by no means essential to do so in the 
acquisition of new psychological knowledge. 
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Discussion, Philip A. Smith, System Develop- 
ment Corporation 


Recently, someone commented that as 
' each psychologist learns about computers, 
he has new ideas about ways in which they 
can be applied. This point was well-illus- 
trated by our speakers here this afternoon. 
They gave a broad sample—but it is signifi- 
cant that it was only a sample—of some 
recent and projected uses of computers in 
psychological research. As our chairman an- 
ticipated, it was hard to hold them strictly 
to a recounting of past accomplishments. 
They were not content to dwell very long on 
things already done, but as computer enthu- 
siasts are prone to do, described tasks they 
are about to undertake and told of possibili- 
ties opened by new computer developments. 
There was one thing we did not hear much 
about: the common pitfalls, shortcomings, 
and dangers in utilizing computers when 
undertaking research—such things as ex- 
perimenter carelessness in the selection of 
variables for study (since large numbers of 
variables are so easily handled), or the 
tendency to fit the data to whatever statis- 
tical routines are available, in order to avoid 
the inconvenience and delay of writing new 
programs—and so on. There are many 
others. 

In the discussion of his preliminary work 
on automated teaching, Dr. Silberman told 
of using people to simulate certain computer 
functions. This is a reversal of what we 
typically hear, and appears unique, although 
some will claim that graduate students have 
been used in this capacity for many years. 
Seriously, I think that Dr. Silberman has 
/ undertaken work in a vital and formidable 
area. He implied that the use of a computer 
in a teaching situation might not be limited 
to pre-programmed sets of data, but could 
demand computer generation of new sets of 
items tailored to the learner. This seems to 
call for creativity and reasoning ability on 
the part of the computer as well as the ex- 
perimenter. 


= 
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, | We have had a little fence-straddling on 


the issue of computer approximation of 
human judgment. For example, one portion 
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could be interpreted several ways. I would 
like to know how firmly astride the fence he 
and also Dr. Vandenberg are, and whether 
they lean or may be pulled to one side or 
the other on this question of computer pre- 
emption of the diagnostician’s intuitive 
processes. Dr. Vandenberg also touched on 
some legal, ethical, and attitudinal variables 
that may be involved if computers are 
utilized in this manner. 

I believe Dr. Uhr’s comment on partially 
random, self-organizing machines, of which 
an early example may be Rosenblatt’s per- 
ceptron, is enormously challenging and 
stimulating. In this category also are 
Grimsdale’s and Uhr’s own computer per- 
ception programs. I was privileged to read 
an extended version of Uhr’s paper, in which 
he touched on the development of con- 
sciousness and awareness in machines. He 
was convincing, and I was inclined to believe 
that with Dr. Uhr as its tutor, a computer 
might develop an awareness of self, or at 
least learn to lie convincingly when ques- 
tioned on its state of consciousness. I am 
sure there will be some questions from the 
audience on this point. 

Mention has been made by several of our 
speakers of Newell, Shaw and Simon’s work 
on heuristic programs, which show good 
promise of playing championship chess, 
composing musical scores, discovering proofs 
to logic theorems—in short, creative think- 
ing and reasoning. Such programs do not 
operate by brute trial and error of all possi- 
ble alternatives in solving a problem, but 


‘mimic the human problem solver, providing 


good and poor solutions and sometimes no 
solution at all. One thing seems sure— 
whether it be clinical judgments, medical or 
psychiatric diagnosis, or effective teaching— 
we are likely soon to be forced into the 
possibly embarrassing position of having to 
open our thinking processes to inspection 
and to test. 

One final comment, this on Professor 
Wrigley’s delightful and scholarly paper. In 
his brief for faci-finding as opposed to 
theory-building, Dr. Wrigley quietly put to 
bed Tolman, Hull, and Freud. If I may mix 
a metaphor, I’m not so sure our other 
speakers or our audience will be content to 
let these sleeping dogs lie. 
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Prepared by Members of the Staff of the Mental Health Research Institute 


Fietp, M. J. Mental disorder in rural 
Ghana. J. Ment. Sci., 1958, 104, 1043- 
1051. 

This anthropologist-psychiatrist studied 
mental illness in the villages of rural N. W. 
Ghana, where only dangerous psychotic 
patients are referred to mental hospitals. 
Such mental illness finds expression at the 
native shrines where sick and well suppli- 
cate for “‘protection,”’ in return for which the 
pilgrim makes vows. Sometimes the breaking 
of vows leads to acute transient psychoses of 
“fear and guilt frenzies.”’ Often patients 
have to be brought in fetters to plead for 
forgiveness. Follow-up studies showed that 
many of the patients who had really trans- 
gressed had an underlying schizophrenic 
process, whereas depressive patients often 
accused themselves of witchcraft. The 
author felt that attempted use of “bad 
medicine” represented a schizoid handling 
of aggression instead of the usual native 
quarrelsomeness. He compares this to the 
use of the Black Mass by schizophrenics in 
the Middle Ages. 

About 1% of a surveyed population of 
4,200 was found to be schizophrenic. It 
was more apparent in the literate segment of 
the population, probably because in the 
easy-going draught-playing illiterate group 
the illness could pass unnoticed. Field pre- 
dicts an increase in manifest schizophrenia 
with implementation of new government 
policies of universal literacy, industrializa- 
tion, and compulsory non-military training 
camps for unemployed literates. 

Field postulates that some kinds of magic 
ritual, totemism, and _ witchcraft were 
originated historically by original schizo- 
phrenic minds and later adopted by less 
creative normal minds. 

The author points out the widespread use 
of stereotyped dreams, e.g., an angry deity 
chasing one; and everyday metaphor, e.g., 


use of a snake as an evil person rather than 
a phallic symbol. 

Hysterical dissociation, which formerly 
was utilized only by women who served as 
mediums and mouthpieces of the gods in 
native ceremonies, has been incorporated 
now by certain Christian cults, whose ad- 
herents are possessed by the Holy Ghost, 
then attain a peaceful euphoria and function 
as good, generous, hardworking, happy 
citizens. (JD) 


Cuark, D. F. anp Ackorr, R. L. A report 
on some organizational experiments. 
Operations Research, 1959, 7, 279-293. 
The Operations Research Group at the 

Case Institute of Technology has been con- 

ducting exploratory studies in the area of 

organizational structure for the past five 
years. This report presents the results of 
some preliminary research on the effect of 
the organization structure on efficiency of 
performance. Although the long-term objec- 
tive of the study is to develop a mathe- 
matical theory of organization, the authors 
claim that their project at its present stage 
offers only a methodological interest and is 
intended to be merely suggestive for further 
research. 

The study is based on the use of an opera- 
tional game involving a small-scale organi- 


zation in a laboratory situation. Variations 


in the composition of the participating teams 
or in the rules of the game are considered 
analogous to changes in the structure of a 
real organization and in the problems con- 
fronting it. The operational game is a word 


game, consisting of three basic operations: | 


buying letters, making words from them, and 
playing the words on a board. These opera- 
tions are performed, in that order, by the 
“Purchaser,” the “‘Manufacturer,”’ and the 
‘Salesman.”’ In some cases the team has a 
fourth member, the ‘Executive,’ who is 
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responsible for coordinating team effort and 
directing strategy. The performance of each 


| operation involves an expense, and each 


word played on the board.yields an income. 
The goal of the group is to maximize profit 
in a given period of time. 

A conflict of interests has been built into 
the game. If the Purchaser tries to minimize 
his expenses by buying cheaper letters (the 
less frequent in the English language), the 
Manufacturer will have more trouble in 
making words. Also, the interests of the 
Salesman, who is supposed to place the words 
on the board according to special rules, will 
often conflict with the Purchaser’s and 
Manufacturer’s tendency to keep their 
expenses low. Compromises between the 
players are therefore needed for effective 
group performance. One of the functions of 
the Executive is to determine what kind of 
compromise will be both acceptable to the 
players and efficient for group performance. 
Various degrees of complexity in the organi- 
zation can be developed by combining teams 
according to different principles of manage- 
ment. 

A number of tentative conclusions were 
reached: (1) Teams with an “Executive” do 
better than the teams without an ‘“Execu- 
tive.” (2) Absence of communication be- 
tween the players (in the non-Executive 
teams) tends to lower the team scores. (3) 
Team performance is not related to indi- 
vidual skills. (4) The introduction of various 
degrees of conflict between members of the 
team affects performance. ‘Cooperative’ 
teams have a larger word output, but their 
costs are relatively high; in “conflict”? teams 
there is an indication that results are in the 
opposite direction. (RT) 


Cuomsky, N. Review of Verbal Behavior by 
B. F. Skinner (Appleton-Century Croft, 
1957). Language, 1959, 35, 26-58. 
Skinner’s “functional analysis” tries to 

provide a way to predict and control verbal 

behavior by observing and manipulating the 
physical environment of the speaker. The 
terms stimulus, response, and reinforcement, 
derived from the animal laboratory, are 
extended in such a way that “if we take 
them in their literal meaning, the descrip- 
tions cover almost no aspect of verbal be- 
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havior, and if we take them metaphorically, 
the descriptions offer no improvement over 
various traditional formulations.” 

Take first, stimulus. For Skinner, if we 
look at a red chair and say “red,” the re- 
sponse is under the control of “redness”; 
if we say “chair,” it is under the control of a 
collection of properties, chairness. Since 
properties are free for the asking, the word 
“stimulus” has lost all objectivity. Stimuli 
are no longer part of the outside physical 
world; they are driven back into the organ- 
ism. The controlling stimulus need not even 
impinge on the responding organism, as 
when a traveller recounts events seen 
abroad. We identify a controlling stimulus 
when we hear the response. We cannot con- 
trol the property of a physical object to 
which an individual will respond, except in 
highly artificial cases. 

Consider response. In Skinner’s animal 
experiments, the operant is defined by fiat, 
e.g., a peck or a bar press. The operant is 
thus defined with respect to a particular 
experimental procedure. The verbal operant 
is defined as a class of responses of identifi- 
able form functionally related to one or 
more controlling variables. No method is 
suggested for determining in a particular 
instance what are the controlling variables, 
how many such units have occurred, or 
where their boundaries are in the total 
response. We are left with no way of justify- 
ing one or another decision about the units 
in the verbal repertoire. 

Consider reinforcement, which Skinner 
considers a necessary condition for language 
learning. Much of this class, however, is 
made up of automatic self-reinforcement (as 
when one talks to oneself) and verbal ac- 
tivities where the behavior constitutes its 
own reinforcement. It seems that Skinner’s 
claim that all verbal behavior is acquired 
and maintained in strength through rein- 
forcement is quite empty, because his notion 
of reinforcement has no clear content, func- 
tioning only as a cover term for any factor, 
detectable or not, related to acquisition and 
maintenance of verbal behavior. 

The terms borrowed from experimental 
psychology simply lose their objective mean- 
ing with this extension, and take over the 
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full vagueness of ordinary language. The 
elimination of the independent contribution 
of the speaker and learner (a result which 
Skinner considers of great importance) 
can be achieved only at the cost of eliminat- 
ing all significance from the descriptive 
system, which then operates at a level so 
gross and crude that no answers are sug- 
gested to the most elementary questions. 

We need a prior understanding of what is 
acquired before we can speculate about the 
process of acquisition. Study of the actual 
observed ability of a speaker to distinguish 
sentences from non-sentences, detect am- 
biguities, etc., apparently forces us to the 
conclusion that his grammar, a finite device 
to enumerate an infinity of new sentences, 
is of an extremely complex and abstract 
character. And the young child has suc- 
ceeded in carrying out what from the formal 
point of view seems to be a remarkable type 
of theory construction. If this is correct, we 
can predict that a direct attempt to account 
for the actual behavior of speaker, listener, 
and learner, not based on a prior understand- 
ing of the structure of grammars, will 
achieve very limited success. The grammar 
must be regarded as a component of be- 
havior which can only be inferred from the 
resulting physical acts. The fact that all 
normal children acquire essentially com- 
parable grammars of great complexity with 
remarkable rapidity, and without carefully 
arranged training, suggests that human 
beings are somehow specially designed to do 
this, with data-handling or hypothesis- 
formulating ability of unknown character 
and complexity. (WPL) 


Urra., W. R. A comparison of neural and 
psychophysical responses in the som- 
esthetic system. J. comp. physiol. Psy- 
chol., 1959, 52, 485-490. 

An experimental technique for comparing 
the subjective responses corresponding to 
observed neural signals is described in this 
paper. Electrical impulses are delivered to 
the ulnar nerve of subjects by skin electrodes 
placed over the wrist. The nerve response is 
measured by a recording electrode placed 
on the skin above the elbow and these 


records are cempared with estimates of 
stimulus magnitude made by the subject. 


ABSTRACTS OF CURRENT LITERATURE 


A double pulse method of stimulation wag 
employed. It was found that two stimulj 
could not be resolved as separate pulses if 
the inter-pulse interval was less than ten 
milliseconds. As the inter-pulse separation 
was reduced to values below this, the ampli- 
tude of the second response pulse eventually 
decreases as the second stimulus moved into 


the refractory period of the first stimulus, | 


The range of inter-pulse interval was varied 
from 0.8 milliseconds, where the second 
response had vanished, to 3.7 milliseconds 
by which point the second response had the 
same magnitude as the first response with 
no further increase for longer intervals. 
The psychophysical estimates of mag- 
nitude were based on a scale with magnitude 
10 assigned to the sensation obtained from a 
reference stimulus using a pulse separation 
of 3.7 milliseconds. Only the inter-pulse 


interval was varied in the course of the | 


experiment; all other variables were kept 
constant. 

The compound action potential recorded 
from the arm was a sharp spike showing no 
evidence of any spread due to different 
velocities in the response. Furthermore, the 
latency of the second response did not vary 
as the inter-pulse interval decreased indicat- 
ing that the inter-pulse interval had no 
observable effect on either the conduction 
velocity or the time required to initate a 
response. “ 

In the region where the amplitude of the 
second pulse was dependent on the inter- 
pulse interval, the relationship was approxi- 
mately linear. The estimate of magnitude 
showed a similar variation. The results of 
these measurements lead to the conclusion 
that the subjective experience is not simply 
coded by the interval between successive 
responses, but, within the time interval 
studied, by the sum of the response ampli- 


tudes. (W/JH) 
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Benpba, C. E. anp Metcutor, J. C. Child: . 


hood schizophrenia, childhood autism, 
and Heller’s disease. /nternational Rec- 
ord of Medicine, 1959, 172, 137-154. 
The authors use both psychiatric and 
organic bases to construct a working 


differentiation of childhood schizophrenia, 


childhood autism, and Heller’s disease. They 
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do not integrate the concept of symbiotic 
schizophrenia into their system. 

The term ‘childhood autism” is used as 
Leo Kanner defined it, meaning self-suffi- 
cient, without interacting with others. They 
feel it does not necessarily presuppose a 
schizophrenia of childhood, since some 
patients improve to normal functioning at 
puberty. Etiologic agents include asphyxia 
at birth, metabolic disorder, severe early 
emotional deprivation, or childhood schizo- 
phrenia. 

Their classification of childhood schizo- 
phrenia includes groups whose illness origi- 
nates (1) in puberty and pre-puberty, (2) 
in the 6- to 10-year group, and (3) in earliest 
phases of development. The diagnosis is 
relatively easy in the former two groups 
because of personality changes, secondary 
withdrawal, extreme compulsive patterns, 
paranoid ideas, and hallucinatory experi- 
ences. In the group that never appeared 
normal, however, the differential diagnosis 
is more difficult,‘ since these children may 
resemble autistic children or children with 
Heller’s disease. They have noted some cases 
in which the child improves between the 
ages of six and fourteen but then reverts to a 
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more classic schizophrenic appearance at 
adolescence. They question the use of poor 
ego boundaries as sufficient basis for the 
diagnosis of schizophrenia. Childhood schizo- 
phrenics may be abnormally bright and 
function so, whereas an autistic child may 
give evidence of being bright but untestable. 

Heller described in 1930 a disorder includ- 
ing mental retardation becoming apparent 
in the third and fourth years, moodiness and 
screaming irritability, regression in cleanli- 
ness, loss or deterioration of language, and 
retention of a clear intelligent look. The 
theories presently held are that (1) Heller’s 
disease is a clinical syndrome without a 
single etiologic agent; (2) it is a_post- 
encephalitic condition; (3) it is related to 
childhood schizophrenia; (4) it is a progres- 
sive deteriorating metabolic disorder. Benda 
and Melchior describe an autopsied case 
with small cerebellar and cerebral granu- 
lomas, vasculitis, and unusual multinu- 
cleated giant cells, possibly caused by 
Histoplasma capsulatum. They suggest that 
cases of this type be studied for mycotic 
infections since these are treatable and 
potentially curable. (JD) 


Let me here remind you that the essence of dramatic tragedy is 
not unhappiness. It resides in the solemnity of the remorseless 
working of things. This inevitableness of Destiny can only be illus- 
trated in terms of human life by incidents which in fact involve 
unhappiness. For it is only by them that the futility of escape can 
be made evident in the drama. This remorseless inevitableness is 
what pervades scientific thought. The laws of physics are the de- 


crees of Fate. 


A. N. WHITEHEAD, Science and the Modern World 
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jority of which have never been heard of again * 
and have since gone into the oblivion of psy- | 
chiatric history, but without having been ade- | 


quately retired or recounted from the literature. 
This was the beginning of my interest in the 
placebo effect, and I found myself attracted to, 
reading about, and then collecting bibliographic 
material on methodology and the placebo effect. 
This bibliography increased as I undertook 
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Think of the great advantage to political parties and political candidates if 
there were some reliable way of knowing the best strategy to follow for win- 
ning an election. If such candidates as Senator Kennedy or Vice-President 
Nixon could assess the competitive structure of a state, they would be able to 
define one major aspect of the opportunity structure of that state. Here is an 
interesting attempt to develop a measure of competitiveness in party relation- 
ships—an unusual approach to a problem in political science and practical 


politics. 


THE STRUCTURE OF COMPETITION FOR OFFICE IN THE AMERICAN 


STATES * 


by Joseph A. Schlesinger 


Michigan State University 


HE critical variable in the study of Amer- 
[= politics in the states and localities 
has been the level or degree of inter-party 
competition. Such factors as party cohesion 
and organization (MacRae, 1952; Key, 
1949), contests for party nominations 
(Turner, 1953), the structure of political 
eareers (Schlesinger, 1957, pp. 97-102), social 
and economic conditions (Golembiewski, 
1958; Key, 1956, Ch. 8), and the quality of 
government (Lockard, 1959, Ch. 12) have 
all been related to party competition. The 
political analyst has found, within the all- 
embracing national competitive two-party 
system, that the aberrations from the na- 
tional system are a useful variable in study- 
ing political behavior. Considering the im- 
portance of the competitive variable to such 
studies, remarkably little has been done to 
clarify the concept and create measures of 
comparable utility. In the following we shall 
examine some of the difficulties involved, 
and develop a typology of competitive struc- 
tures which will take into account several 
factors in their measurement. 

The main reason for the failure to investi- 
gate the concept of competition is that its 
meaning has always been clear within what 


* This study is part of a general analysis of 
leadership recruitment in the American states, 
which has enjoyed the support of the Social Sei- 
ence Research Council and its Committee on Po- 
litical Behavior. 


may be called the “literary” or ‘‘classical’’ 
theory of the two-party system. This ap- 
proach, which starts from the assumption of 
only two parties vying for control of govern- 
ment, has one essential assumption: that one 
and only one party can be called the govern- 
ment, while the other is necessarily the op- 
position.! As long as each party has a real- 
istic expectation that it may take over the 
government, then there is competition. From 
such a small set of assumptions it is possible 
to elaborate quite a complex and attractive 
political system, explaining much of what we 
know today about policy making and voter 
behavior. The finest demonstration of the 
classical party theory is in the recent, work 
of Anthony Downs (1957), who has- com- 
bined elements of the widely current ap- 
proach in political science with the more 
rigorous methods and assumptions of eco- 
nomic theory. The result is extremely useful, 
and not least of its uses is that it lays down 
clearly what are the assumptions about po- 
litical behavior upon which our thinking has 
been based. 

Whereas much of the criticism directed at 


The best statement of the two-party system 
as a model toward which political reform should 
be directed is in Schattschneider (1942) and the 
report of the Committee on Political Parties of the 
American Political Science Association (1950). 
These studies have been less concerned with de- 
scription of how the system works than in devising 
ways of making it work like the model. 
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Downs’ book takes exception to his axioms 
about the “rationality” of voters and parties, 
no critic, to my knowledge, has pointed out 
the lack of realism for the United States in 
his basic assumption that there is a govern- 
ment and an opposition party clearly marked 
as such (Diamond, 1959; Rogers, 1959). Yet 
as Key and Silverman (1954) have demon- 
strated, divided control by the parties of 
state legislatures and governorships is very 
common. And the control of the presidency 
by one party and one or both houses of con- 
gress by the other has been as frequent since 
1946 as the presumed “normal” condition of 
unified party control, and may in the future 
even become the more usual condition. In 
such circumstances, it is impossible to say 
that one party is the government and the 
other the opposition. This major departure 
from the assumptions of classical party the- 
ory has relevance not only for questions of 
party strategy and public policy, but it also 
muddles the very notion of competition it- 
self. For once the logical neatness of the 
government-opposition arrangement breaks 
down, the concept of party competition has 
to be related not to the whole, but to the 
parts, and then put together again. It is, of 
course, the constitutional arrangements of 
both separation of powers and federalism 
which permit electorates to react differently 
to the various offices. And not only may elec- 
torates distinguish in their choices among 
the federal, state, and local levels, but within 
each category they are usually permitted to 
choose a variety of officers mixing the 
parties, and further confounding the govern- 
ment-opposition framework. That in fact 
electorates do behave in this way is evident 
to any casual observer of state elections. 
Therefore an accurate reflection of the de- 
gree of inter-party competition in a state 
ought to allow for such divergence from of- 
fice to office. 

A measure of competition must take into 
account, then, not only the closeness of the 
parties to each other in their ability to cap- 
ture office, but also the variations within a 
state political system in that closeness. For 
that reason our measure of competition will 
be based initially upon the degree of compe- 
tition for individual offices, and from these 
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measures will be constructed the total com- 
petitive framework for a state. For the prob- 
lem of measuring competition for a single 
office is the same as that in the classie gov- 
ernment-opposition system, and that con- 
cept is straightforward. 

But if the concept of competition in a 
simple two-party system is unambiguous, its 
measurement isnot. For one thing, it is neces- 
sary to rely upon past data to determine the 
state of competition, and this immediately 
poses the problem of how much past elec- 
toral history is worth looking at. Here the 
disposition of the observer and the uses he 
wishes to make of the measure are the deter- 
mining factors. For the measure, however 
derived, will be but a description of the pe- 
riod examined, and therefore ought to cover 
the same period as the other variables to 
which competition will be related. In the 
scheme to be presented we shall use the elee- 
toral history of the states from 1914 to 1958. 
There are two reasons for this particular pe- 
riod. One, it encompasses the period since 
popular election of United States senators 
was made mandatory in all of the states. 
And secondly, it covers most of the time 
span of a companion study of the careers of 
state officials. The measures derived, how- | 





ever, should be of utility for any analysis of | 
political phenomena since 1914.2 | 
MEASURES OF COMPETITION | 

Once the time period is established the 

actual measure of competition must still be 

selected. There are three measures of com- 
petition which have been used in the litera- | 
ture: during any time period we may exam- 
ine (a) the extent of division of control of 
office between the parties; (b) the rate of 
alternation of control of office between the 
parties;’ and (¢) the relative closeness of the 


2 It should be clear that by measuring competi- . 
tion in a state in the past, one is not necessarily 
making predictions, except in the sense that any 
accurate description of past behavior would lead 
one to expect, barring any changes in the condi- 
tions of that behavior, that it will continue in the 
future. 

3’ These two measures are examined in Schles- 
inger (1955). The present technique is an adapta- | 
tion of the one used there to examine competition | 
for just the office of governor. 





Percentage of Elections-1914-1958-in Which There Was a Change of Pa:ty 
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vote.’ All three measures are related, but it 
is possible, within the mechanics of the sys- 
tem, to get three quite different results from 
each measure. For example, there may be an 
electorate which is very closely divided but 
so stable that there is never an alternation 
of parties. Or a very volatile electorate may 
swing from one party to the next and pro- 
vide large margins of victory. And then 


, again, a state may over the total period 


show a close division of party control of 
office, but the measure may mask a situa- 
tion in which each party has controlled the 
office for very long cycles. 

The scheme we shall. use combines the 
first two measures on a scatter diagram.5 


‘ Closeness of vote as the determinant of com- 
petition has been used by Ranney and Kendall 
(1954) and by Key (1956, page 99). 

5 The sources of information for the electoral 
history of the offices were the Congressional Direc- 
tory for federal offices, and state blue books for 
state positions. I am grateful to Professor V. O. 
Key, Jr. for the use of his electoral files to supple- 
ment information not available elsewhere. 


(See Figure 1.) The exclusion of the third 
measure, the closeness of the vote, means 
that voting behavior which has not had any 
impact upon office holding will be ignored. 
As a result, the measure loses some utility as 
a predictive device, since it will not reveal 
any trends towards or away from a competi- 
tive situation. Thus for instance, in Ver- 
mont, with the sole exception of the Demo- 
cratic victory in the congressional election 
of 1958, our measure based solely on control 
of office hides the general improvement in 
Democratic voting strength in the state 
during the last thirty years. An analyst of 
trends would have to say that the state has 
become more competitive even though that 
fact is not reflected in party control of office. 
Of course, to the extent that closeness of vote 
does pay off in control of office, it is reflected 
in our measure. Therefore, recognizing the 
limitation of failure to reflect unfulfilled 
trends, our measures of competition will in- 
dicate over-all relative party strength, and 
the cyclical party strength or rate of alterna- 
tion between the parties. 
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COMPETITIVE OFFICE STRUCTURES 


The offices used to construct the competi- 
tive office structures of the states are the 
major ones elected by the state et large: 
governor and U. S. senator, and lesser state 
administrative positions elected by most 
states: lieutenant governor, secretary of 
state, auditor, treasurer, attorney general, 
and state comptroller. To these has been 
added a composite measure of the competi- 
tive level for congressmen. The composite 
character of this last measure has a special 
effect upon the result, and that will be noted 
below. For each position, then, in each state, 
we have sought to measure the degree of 
competition—according to our two basic di- 
mensions—and then all are combined to cre- 
ate a picture of the competitive structure. 

The two measures form the axes of the 
scatter diagram. Along the horizontal axis is 
measured the over-all degree of competition 
or percentage of victories for the dominant 
party—defined as the party with the ma- 
jority of such victories. Along the vertical 
axis is measured the rate of turnover in office 
for the same period, or the percentage of elec- 
tions in which the winning party differed 
from the incumbent. Thus the two measures 
combine to give a reflection of the kind of 
competition for the office—the more cen- 
trally located on the horizontal axis the more 
competitive an office was in over-all terms; 
the higher on the diagram the more rapid 
the rate of turnover; and correspondingly, 
the lower on the diagram an office falls, the 
longer the cycles of one-party control, re- 
gardless of the degree of over-all competition. 
‘The two sloping lines represent the mathe- 
matical bounds of possible positions for the 
two related variables. In Figures2 through 9, 
the positions of the offices in the states have 
been plotted, and lines drawn connecting 
them. For this purpose we shall ignore the 
positions of the 12 Southern states. To the 
extent that they are purely Democratic all 
of their offices fall at the extreme lower right 
portion of the diagram. (There are of course 
exceptions, particularly with respect to fed- 
eral offices in Oklahoma, Tennessee, Texas, 
and Florida). 

The space on the diagram (see Figure 1) 
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TABLE I 


DISTRIBUTION OF OFrFICES AMONG THE STATES 
ACCORDING TO COMPETITIVENESS 


(1914-1958 
Per Cent in Each Zone 
a init caoes eensa aaAielealnli a sn 
of States P 
Cc PS lene One- 
— Cyclical Party 
Governor 36 50 6 44 
Senator 36 42 11 47 
Congressman 36 8 61 31 
Lt. governor 24 21 25 54 
Sec. of state 30 13 30 57 
Att’y general 26 11 31 58 
Auditor 21 14 34 52 
Treasurer 26 15 35 50 


Comptroller 5 20 0 80 


has been divided arbitrarily into three zones, 
according to the type of competition for.an 
office falling within each area. In the com-| 
petitive zone are those offices which one party 
has controlled for 70 per cent or less of the 
elections, and where the rate of turnover has 
been greater than 30 per cent. In the cyclical 
zone, or area containing offices which have 
been held by both parties for long and un- 
interrupted periods of time, are those offices 
falling below the area of competition. Within 
the cyclical zone the horizontal base has 
been extended to include those instances 
where a party may be decidedly in the mi- 
nority in over-all terms, but in which it has 
been able to hold the office for lengthy pe- | 
riods. And finally, the third zone is the one-| 
party predominant area, where one party is| 
clearly in command of the office over the, 





time period (over 70 per cent of the elections) } 


and in which the minority has had no lengthy 
cycles of control. 

If we take each office in the 36 non-south- 
ern states and determine its zone according 
to Figure 1, we establish a general picture 
of the relative difference among the offices. . 
These differences have been gathered in| 
Table I. Both governor and senator were | 
distinctly the most competitive offices of all. 
But it is apparent that they fell at the ex-| 
tremes, either competitive or one-party, with 
very few states in which they were cyclical.| 
In those few states in which they were cycli-| 
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cal, as in Rhode Island and Nebraska for 
governor; Rhode Island, Washington, New 
Mexico, and New York for senator, they 
formed parts of state systems which were 
cyclical for all offices or represent divided 
party control of the two senate seats. Thus 
these offices, whenever there was competi- 
tion within a state, were the ones most likely 
to move toward the upper center portion of 
the diagram. 

For congress, the greatest proportion of 
states fell within the cyclical zone. This 
result is not a product of the fact that the 
states have had alternating periods of one- 
party control of the congressional delega- 
tions, but is due to the fact that the figure 
derived here is a composite. The position 
does show that there was a very low rate of 
alternation among the parties for congres- 
sional seats, which was in turn a reflection 
of the fact that most congressional districts 
were one-party in character. The differences 
among the states illustrate the comparative 
one-partyness of their congressional dis- 
tricts. For example, Massachusetts, with a 
69-31 per cent over-all division in over-all 
party victories for the period, has had only a 
little over 5 per cent turnover rate among 
the parties for congressional seats. The much 
more evenly competitive state of Connecti- 
cut had about the same over-all division of 
party victories with over 38 per cent party 
turnover. Apart from Connecticut, the other 
two states to have their congressional seats 
fall ii the competitive zone were Delaware 
and Nevada, both states with only a single 
congressional seat, and thus not subject to 
the composite effect. 

For the minor state offices, the distribu- 


6 The composite figures for congress were de- 
termined by totalling the number of elections and 
determining the proportions for each party and 
the proportion of party changes. A special problem 
arose in determining turnover after the three re- 
apportionments made during the period (1932, 
1942, and 1952). Wherever it was possible to trace 
the district on through this was done. But if there 
was a substantial change in districting so that 
turnover became meaningless, the election was ig- 
nored for that state and the count was begun again 
from the time of reapportionment. 

The figure for the senate seats is also a compos- 
ite of two positions. In this case, turnover was de- 
termined by observing each senate line independ- 
ently, then totalling the results. 
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tion is primarily in the one-party and 
cyclical zones. There was a tendency for the 
office of lieutenant governor to be more 
competitive than the others, as in Ohio and 
New York. And where the others were 
competitive, it was usually as part of a 
general state of competitiveness, as in Utah. 


RANGE OF COMPETITION 


The different levels of competitiveness 
among the major offices of governor and 
senator and the minor state offices is not 
unexpected. The real utility of the present 
measure lies in its ability to discriminate 
among the states according to the spread 
between the kind of competition for one 
office and another. What we have discovered 
here is a variable in electoral behavior which 
is the range of competition. What the multi- 
tude of shapes and spreads among the states 
in Figure 2—9 shows is that it is far from 
adequate to describe a state’s competitive 
system solely in terms of a unilinear measure. 
Nor is it enough simply to add the cyclical 
dimension. It is as important in measuring 
competition within a party system to point 
out the range from one office to another. 

A typology of competitive range based 
on the percentage spread within a state 
among offices along both the vertical and 
horizontal axes has been formulated (see 
Table II). The most narrowly focussed 
states (I) show little variation in position 
from office to office. Ten states fall in this 
group. The second group of thirteen states 
(II) have their offices fall within a narrow 
range horizontally, or in terms of over-all 
competition, but are elongated vertically, 
indicating that there was great variation 
among offices in the length of the party 
cycles. Category (III), consisting of five 
states, has a medium-broad focus with 
marked variations in the way in which each 
office behaved, but not with such wide varia- 
tions as to make the state appear to be 
chaotic. For all of the states of the first 
three categories, it is possible to assign a 
general competitive position, both with re- 
spect to which, if any, party was dominant, 
and its general extent. The last group (IV) 
of eight states has such a spread both 
horizontally and vertically that they have 
no focus. Their offices range through all 
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TABLE II 


THE RANGE OF COMPETITION—BaASED UPON THE 
DEGREE OF SPREAD AMONG THE OFFICES 
OF A STATE IN FIGURES 2 THROUGH 9 





I. Narrowly focussed states—maximum hori- 
zontal spread of 25%, maximum vertical 
spread of 20% 
Rhode Island 
New Hampshire 


North Dakota 
South Dakota 


Maine Nebraska 
Vermont New Mexico 
Pennsylvania Utah 


II. Cyelically elongated states—maximum hori- 
zontal spread of 25%, minimum vertical 
spread of 25% 


Connecticut Illinois 
New York Missouri 
Delaware Iowa 
Indiana Kansas 
West Virginia Idaho 
Kentucky Colorado 
Oregon 
IIT. Medium-broad focus—approximately 30% 
spread along both axes 
Massachusetts Wisconsin 
Michigan Arizona 
New Jersey 
IV. No focus—more than 40% spread along both 
axes 
Ohio Nevada 
Maryland Wyoming 
Minnesota Washington 
Montana California 


three zones of competition, and in some 
instances, as in Ohio, Montana, and Wyo- 
ming, each party has had offices which it 
tended to dominate. For these states, it is 
not only impossible to say that one or the 
other party was dominant, but it is also 
meaningless to say that they were competi- 
tive. In Montana, for example, the Demo- 
crats have won practically every senatorial 
election whereas the Republicans enjoyed 
an edge in contests for lieutenant governor. 
And, how is one to state the competitive 
level of Wyoming, where the Republicans 
have won almost all the congressional elec- 
tions and the Democrats most of those for 
the senate? Here the range of competition 
was so great that the normal terminology of 
party theory is of little use. 

The four sets of states, grouped according 
to range of competition, represent in de- 
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scending order the extent to which a single 
scale of competition has meaning for the 
entire state political system. All of the 
states of narrow focus (group I), with the 
exception of Rhode Island, New Mexico, 
and Utah, were strongly Republican. Only 
Utah falls sufficiently to the center and 
upper portion of the diagram to warrant the 
description competitive. The states of group 
II could be classified as units if we were to 
eliminate some offices. Or perhaps a better 
way of stating it would be to say that they 
could be put into two categories. For exam- 
ple, in West Virginia and Missouri the 
senate seats were competitive, whereas all 
other offices were cyclical. In Iowa, the 
senate was competitive (with a Republican 
advantage) whereas the other offices were 
predominantly Republican. In Illinois, gov- 
ernor, auditor, and attorney general were 
Republican dominant with a high turnover, 
indicating frequent short run victories for 
the Democrats. Secretary of state, treasurer, 
senator, and congressmen were dominantly 
Republican but with longer cycles for the 
two parties. Kansas and Oregon were states 
where most offices were very predominantly 
Republican, but where there was a high 
turnover for the office of governor, the one 
office the Democrats were most successful 
in capturing, but also one that they were 
not able to hold for long. In Colorado, with 
the exception of congress, all offices fell 
easily within the competitive zone, but 
some, such as treasurer and_ lieutenant 
governor, were extraordinarily competitive 
in that they had a very high rate of party 
turnover.’ Thus within category II the 
major difference among the offices is in terms 
of the cyclical strength of the parties. For 
the states of the less focussed categories 





(III and IV), no simple statement of com- | 


petitive structure is possible. 


* Some of the turnover between the parties may 
reflect simply rotation of offices among personnel. 
This is definitely the case in Colorado where the 
position of state treasurer, as the most competitive 
office in the United States, is derived from the fact 
that the same individual tends to rotate that office 
with the position of state auditor. What appears in 
this case to be a highly competitive office is in re- 
ality one controlled by a very few men who run on 
party tickets but whose ability to win is not af- 
fected by the general party fortunes. 
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COMPETITION FOR OFFICE IN AMERICAN STATES 


DISCUSSION 


As stated at the outset, the conditions of 
competition in the United States pose some 
difficulties for the classical two-party theory. 
We are now in a position to assess the 
degree of aberration from the assumptions 
of the theory and to speculate on the reasons 
for such divergence: In its most simple 
terms, in the classical party system there 
ought to be no spread at all between the 
positions of the offices on the diagrams. A 
rational electorate perceiving government 
in terms of party would implement. its 
choices by electing for all offices men of the 
same party. Using our measure of competi- 
tion, we have described no state which fits 
this description. The closest is Vermont, and 
if we had included the one-party states of 
the South, they too would fit very closely 
the assumption that the electorate votes a 
straight party ticket. And most of the states 
which approximate unity in their electoral 
behavior (Category I) are states where one 
party is decidedly dominant. In effect, in 
order to achieve one condition of the classical 
party theory, namely unity of electoral 
behavior, we have to abandon another 
element of that theory, i.e., active party 
competition. 

Are there any states which exhibited some 
unity of behavior and which were also 
competitive? Only three of the narrowly 
focussed states were not completely within 
the one-party dominant zone: Utah, Rhode 
Island, and Nebraska. Of these, only Utah 
had no office in the one party zone, and was 
generally a competitive state. Rhode Island 
and Nebraska were more definitely cyclical 
than competitive, in the sense that a more 
restricted time period would give radically 
different and more one-party results for 
their offices. Of the states of category I, 
Connecticut, New York, and Colorado, de- 
spite their great differences in cyclicality, 
were sufficiently competitive for most of 
their offices to be called generally competi- 
tive. 

There is one condition in which voting 
disparity need not contradict the assump- 
tions of the classical theory, and that is 
where the voters make a distinction between 
federal and state office. A preference for one 
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party in national government and another 
in the state is not unreasonable considering 
the division of functions between the two. 
And, as Pennock (1959) has demonstrated, 
a profit may be derived from this seeming 
opposition. Therefore, in those states where 
the competitive range is due to discrep- 
ancies in vote for federal and state office, we 
need not necessarily discard or reformulate 
the classical system. The states in which 
the federal voting pattern appeared seriously 
out of line with the vote for internal office 
are first, four of the border states: Delaware, 
West Virginia, Missouri, and Maryland; and 
three midwestern farm states, Wisconsin, 
Iowa, and Minnesota. In each of these 
cases, it was the federal office which was 
more competitive than those of the state. 
One may explain this in terms of conscious 
voter preference for divided party control. 
Another explanation may lie in the efforts 
and foci of party organization. In these 
states, the minority party has gained its 
greatest advantages from its connections 
with the national party. Thus the border 
state Republicans are in a very strategic 
position with respect to national Republican 
politics and it may be that their efforts have 
been concentrated on national office to the 
neglect of internal affairs. But whatever 
the reasons for the disparity, for these seven 
states, the classical theory may be considered 
descriptive. 


Possible explanations for range 


It is when the voters disregard party 
within the same jurisdiction, federal or state, 
and select officers of opposed parties, that 
the two-party system loses its validity. And 
the range of competition found in most of 
the states indicates that this is a very 
common occurrence. We have not included 
control of state legislatures within the out- 
lines of our scheme. But if we had, it is 
likely that the competitive range would be 
even greater than that shown. Thus we must 
go outside the bounds of the two-party 
assumption to explain competition in the 
states. 

One explanation may be that voters - 
perceive offices differently, particularly 
within the framework of the party system. 
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Much of the cyclical character of the minor 
state offices reflects not only one party 
control for long periods but also control of 
the office by a single person. In other words, 
there is the tendency for the electorate (and 
the party organizations) to treat the lesser 
state offices as though they were careers, and 
to permit a person, regardless of the flow of 
party fortunes, to retain the seat. Thus 
there is a built-in lag in party turnover for 
these positions. 

Another explanation may lie in different 
electorates for each office. For most of the 
offices we have included on our charts, there 
is no formal distinction among their elector- 
ates; they are elected by the state at large. 
But the congressional seats are apportioned 
and districted with the result that for most 
of the states competition for congress is 
much lower than for any other office. Un- 
doubtedly the inclusion of the same infor- 
mation on state legislatures would produce 
a similar result. Here voting behavior is less 
of a factor in producing the different result 
than electoral engineering.’ 

The discrepancy in levels of competition 
may lie in mechanical factors. There is, for 
example, a tendency for the number of 
ballots cast for the lesser offices to drop off 
even in the same election. If the vote was 
close, and if the voters not completing their 
ballots were unevenly distributed among the 
parties, such behavior would result in a 
divided election. The number of “ifs” in 
this explanation make it unlikely that it can 
account for many of the discrepancies. 
Election timing, however, is a mechanical 
factor which probably does have an effect 
upon party control of office. Although all of 
the offices selected for examination were 
elected in November of even numbered 
years (except New Jersey and Kentucky), 
their cycles varied in some states, some 
elected every two years and others every 
four, or with overlapping four year cycles. 
The most common system is to have all 
elections coincide, but we find overlapping 
four year cycles in Oregon and Pennsylvania. 


8 As March (1957) has shown, in attempting to 
apply the cube law to congressional elections, the 
division of party strength in collective bodies is 
not a simple linear reflection of the voting propor- 
tions. 
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In Minnesota, all offices were elected for two 
year terms except the auditor who had a four 
year term. In Illinois, all offices were on a 


a two year term. And in Indiana the gover- 
nor and lieutenant governor are elected for 
four years and the other state offices for two. 
Of course in every state the congressional 
seats are elected every two years while the 
two senate seats are elected on separate six 
year cycles. Such differences in election timing 
permit considerable variation in electoral 
reaction. For one thing, popular sentiment 
shifts in time from party to party causing 
differential control of office. Then again, 
the normal turnout drop in midterm elec- 
tions is such that it has a marked effect on 
the results, which in turn will have a differ- 
ential effect if all offices are not voted on at 
the same time. However plausible this ex- 
planation, it is clear that it is far from the 
whole answer, since the states in which it 
was relevant were not the ones with 
markedly wide competitive ranges. The 
great ranges in competition found in states 
such as California, Wyoming, or even Mas- 
sachusetts cannot be explained by election 
timing. 

Probably the fundamental reason for the 
range of competition among offices in a 
state is a rejection of the very notion of 
party. Whether this is due to a failure of the 
parties to create organizations encompassing 
all of the offices, or to an unwillingness of 
the electors to think in party terms, it is 
certain that non-party considerations play a 
major part in American electoral decisions. 
The competitive range we have described is 
in effect a measure of the failure of party 
systems to develop. And, as we have seen, 
there is considerable difference from state 
to state in the range of competition. At the 
extreme, the states with no focus are thce-s 
which, on the basis of other evidence, have 
had weak or meaningless party organiza- 
tions. A general inference has been that the 
western states have less well organized 
parties than those of the east. The inclusion 
of Montana, Nevada, Wyoming, Washing- 
ton, and California in the non-focussed 
group supports that inference. For practi- 
cally all of the period, California has used 
“cross-filing’’ in its nominating primaries 
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COMPETITION FOR OFFICE IN AMERICAN STATES 


with disastrous effects upon the sense of 


jparty. And all studies of the California 
{parties emphasize the weakness of their 


ad - 


organizations (McHenry, 1948). Washing- 
ton, another non-focussed state, is the home 
of the “blanket” primary, which is an 


fanathema to proponents of cohesive party 


organization. Whether these formal modes 
of carrying on the major party function of 
nominating candidates are cause or effect, 
they reflect situations in which the non- 
party approach to politics has been domi- 
nant. Personal politics take the place of 
party politics. And where the impact of 
party label is less important in deciding 
elections, we must be more cautious in 
applying the classical party theory to politi- 
cal decisions. 


CONCLUSIONS AND IMPLICATIONS 


The establishment of differential ranges 
of electoral competition has some immediate 
implications for the study of political be- 
havior. In the realm of party theory, it is 
important that we develop some bases for 
explaining politics which are free of the pure 
government-opposition framework. In the 
current literature, there is only one alterna- 
tive which fits all of the conditions we have 
found, and that is the elite theory of C. 
Wright Mills (1956). Mills’ concept simply 
denies the relevance of parties and competi- 
tion to policy decisions. Thus differences in 
competitive levels have no importance since 
party competition itself is but a facade. But 
since the empirical basis for the elite ap- 
proach is even shakier than that of the 
classical party theory (see Dahl, 1958), we 
are still left with the need for a realistic 
party theory. 

The revelation of the varieties of behavior 
among state electorates presents a challenge 
to the student of voting behavior. Most of 
the survey studies have dealt solely with 
national elections, and presidential elections 
in particular (Campbell, Gurin, & Miller, 
1954; Berelson, Lazarsfeld, & McPhee, 
1954). The enormous discrepancies in voting 
reaction to different offices implies that the 
scope of such studies should be broadened, 


, especially if they are to be useful in under- 


standing collective behavior generally. The 
regional differences in competitive struc- 
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tures, furthermore, indicate rather impor- 
tant variances in voting outlook which may 
be obscured in national samples which 
ignore the state or political unit of the 
respondents. As Key and Munger (1959) 
have pointed out, survey methods ignore 
local political conditions. Our evidence shows 
the great importance of the state as a unit 
in voting analysis, for even states within the 
same geographic region have markedly dif- 
ferent ways of reacting to parties and 
offices. 

And most important of all, the differences 
found in the range of competition make 
necessary a reconsideration of our notions 
of party organization. Actually very little 
general work has been done on American 
party organization other than legalistic 
descriptions. Whatever has been done in 
terms of general empirical analysis has been 
put in terms of more or less cohesion, or 
more or less factionalism within the parties. 
To the extent that there is a generalization, 
it has been assumed that the greater the 
level or degree of inter-party competition, 
the greater the degree of party cohesion and 
discipline. But since we have demonstrated 
the difficulty of applying a unilinear notion 
of competitiveness in most states, we must 
seek another relationship between competi- 
tion and party organization. 

An hypothesis which appears to be useful 
in approaching parties is that party organi- 
zation (in terms of acts of co-operation, 
unity, cohesion) will revolve about the 
different levels of the range of competition. 
Or, in other words, offices which are elected 
under similar electoral conditions will tend, 
in terms of the actions of candidates and 
their supporters, to coalesce within a party. 
Contrariwise, offices elected under different 
circumstances than others will tend to de- 
velop independent organizations. Thus, if a 
state is highly competitive for federal offices 
and is dominated by one party for state 
positions, we would expect two distinctive 
organizational foci to develop, in contrast 
to a unified organization in a state which was 
highly competitive for all offices. Or, if a 
number of lesser state offices tend to be 
elected in longer cycles than the top posi- 
tions, we would expect that the incumbents 
of these offices would be, other things equal, 
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less concerned about acting cohesively with 
the rest of the party. Thus the structure of 
competition within a state may also be a 
picture of the structure of party organiza- 
tion. 

A final note should be made about the 
implication of these findings for the study 
of politicians and their careers. For the 
competitive structure of a state also serves 
to define one major aspect of the opportunity 
structure. From the politician’s point of 
view, variations in competition are a state- 
ment of his chances for advancement to a 
particular office. In turn, the party’s recruit- 
ment patterns are determined by what are 
the party’s chances of winning office. Thus 
the framework of leadership recruitment and 
selection is formed for each party by its 
position within the competitive structure. 

In conclusion, then, we have measured 
competition for public office in the American 
states by placing a number of offices on a 
two-dimensional scale according to over-all 
and cyclical competitiveness in the period 
from 1914 to 1958. The dispersal of offices 
within a single state then provided us with 
an additional dimension, namely the range 
of competition. Since this dimension of 
competition is not compatible with our 
current conceptions of a two-party system, 
it is important that party theory be more 
directly related to empirical conditions of 
American politics. 
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Often scientists talk about the same things with different vocabularies and 
from different points of view. To simplify common patterns of analysis used 
in the study of groups, this author presents a scheme for conceptualizing the 
basic variables in such research on face-to-face social interaction. Major di- 
mensions of observed behavior are delineated under the headings of form 
and content of interaction for both personal and interpersonal behavior. This 
analysis is suggested as a framework for organizing ideas in this area of 


research. 


THE DIMENSIONS OF SOCIAL INTERACTION’ 


by A. Paul Hare 


Harvard University 


N reviewing the literature on social inter- 
I action in small groups which has been 
published during the past 50 years (Hare, 
in press; Hare, Borgatta, & Bales, 1955; 
Strodtbeck & Hare, 1954), it became ap- 
parent that many of the authors were talking 
about the same things but with different 
vocabularies and from different points of 
view. A conceptual scheme was developed to 
include the dimensions of social interaction 
that appeared most frequently in the litera- 
ture. 

The literature on social interaction covers 
three general classes of observations. In 
some cases, the focus is on interpersonal 
behavior such as _ cooperative problem 
solving; in other cases, it is on intrapersonal 
behavior as evidenced in tension or anxiety. 
In still other cases, the focus is on aspects of 
individual performance, which may charac- 
terize an individual whether he is alone or 
in a group. In this paper, intrapersonal 
behavior and individual performance will be 
combined, leaving two very general cate- 
gories—interpersonal behavior and personal 
behavior. 

Although many different category systems 
have been used in describing interpersonal 
behavior, the categories of interaction given 
in Figure 1 appear to represent the major 
“dimensions” of observed behavior. These 
dimensions refer to both the form and the 
content of interaction. 

1 Presented as a paper at the Meetings of the 


American Sociological Society, Seattle, Septem- 
ber, 1958. 


The form of interaction is less specific than 
content and is more easily recorded. As one 
approaches a group from the “outside,” the 
first aspect of interaction which becomes 
apparent is the communication network 
(i.e., who speaks to whom) and next the 
amount of interaction carried by each of the 
channels. For a closer analysis of what is 
going on in the group, one needs some con- 
tent categories. Here the most frequent 
division is between content directed pri- 
marily towards the solution of task problems 
vs. content directed primarily towards the 
solution of social-emotional problems. With- 
in the social-emotional area, the categories 
of control and affection represent the pre- 
dominant types of behavior, while in the 
task area there is less consensus on the. 
“typical” problem-solving categories. The 
minimum set of categories parallels the steps 
in the scientific method, namely of observa- 
tion, hypothesis formation, and the testing 
of hypotheses. 

Each of the major categories in Figure 1 
can be identified as follows: 

Form: Communication network. The chan- 
nels of communication between group mem- 
bers. Interaction rate. The frequency of 
interactions, sometimes represented by the 
number of contributions, sometimes by the 
relationship between the number and dura- 
tion of contributions, i.e., action and silence, 
and sometimes by the number of contribu- 
tions times the average duration of each, 
i.e., total talking time. 

Content: Task behavior. Interaction di- 
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Form Communication network 
Interaction rate 

Content Task behavior 


a. observe 
b. hypothesize 
c. propose action 





Social-emotional behavior 
a. control 
b. affection 











Fie. 1. A Paradigm for the Analysis 
of Interaction. 


rected toward the completion of group or 
individual tasks. The minimum number of 
categories would include observing, hy- 
pothesizing, and formulating action. Social- 
emotional behavior. Interaction directed 
primarily toward the relationships between 
group members which form the basis for 
problem solving. The minimum number of 
categories would include control and affec- 
tion. 

Each of these categories can be used at 
the level of personality, behavior, and role. 
At the level of personality they represent 
tendencies to act and at the level of role they 
represent expectations for behavior. 


OUTPUT AND INPUT: FORM 


The description of a person from the 
interaction point of view includes not only 
how he acts toward others (output), but also 
how others respond to him (input). For this 
reason, the minimum number of actors in a 
unit of interaction is two, the minimum 
number of acts is two (one action and one 
reaction), and the minimum number of 
time periods in which interaction occurs is 
two (Bales and Slater, 1955). 

The output and input characteristics for 
both form and content of interaction can be 
considered with varying degrees of com- 
plexity. For the communication network 
one can record simply the total number of 
channels for outgoing messages and incom- 
ing messages. At the other extreme, one can 
specify the extent to which each channel 
from a subject to every other member of the 
group is open for output or input. Similarly, 
the interaction rate can be described simply 
as the total number of acts an individual 
gives and the total number he receives, or 
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the output and input rate can be given for 
each channel in the communication network, 

Although it is possible to differentiate 
output and input for the communication, 
network, particularly in experiments in 
which the communication network is the 
major variable, the correlation between 
output and input for a given channel in 
most situations is very high. The person who 
speaks most often in a group is usually the 
one who is spoken to most often. In those 
cases where the correlation is high, specifi- 
cation of the input characteristics may add 
little to the description of the interaction 
process. 

This type of reduction in the number of 
experimental “variables” occurs over and 
over again in those experiments which use 
comprehensive category systems for record- 
ing the interaction process. Since relatively 
few categories of behavior are appropriate 
in any given situation, most of the inter- 
action tends to take place within two or 
three categories. As a result the remaining 
categories are either correlated with those 
or appear too infrequently to yield reliable 
measures. 


OUTPUT AND INPUT: CONTENT 


For the analysis of behavior where one 
may wish to consider several categories of 
content simultaneously, the characteristics 
of an individual’s interaction for either out- 
put or input may be described by a set of in- 
teraction profiles similar to those used by 
Bales (1950). If only one dimension or area of 
content is to be considered at a time, a graphic 
plot may be used to advantage, with one axis 
representing output and the other input. 
(See Figure 2). The explicit recognition of 
the distinction between input and output 
may help to clarify some theoretical issues, 
especially in the construction of typologies. 


In the description of behavior tendencies | 


in the area of control, for example, the 
vertical axis might represent the behavior 
desired from others ranging from yes he 
wants to be controlled by others to no he 
does not want to be controlled by others. 
The horizontal axis could then represent 


the desired behavior toward others ranging 7 


from yes he wants to control others to no 
he does not want to control others. 
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DIMENSIONS OF Soe1raL INTERACTION 
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Fic. 2. Representation of Input and Output 
in a Two-Dimensional Plot. 


The individual who wants strongly either 
to control or be controlled has been called 
authoritarian. On the other hand, the indi- 
vidual who wants neither to control nor to 
be controlled may be said to desire a situ- 
ation in which there is distance between 
group members. In the extreme, this kind 
of independence has been called anarchism. 

On the opposite diagonal are individuals 
who vary from wanting to control but not 
be controlled, the dominators, to those who 
want to be controlled but do not want to 
control, the submitters. In the center are 
those individuals who want to both control 
and be controlled in a moderate degree, a 
type of behavior which tends to be called 
democratic. All other combinations of tend- 
encies to give or receive control can be 
represented as points in this two dimensional 
space.” 

In the description of personality, the two 
axes in Figure 2 would represent the tend- 
encies to give and receive which the indi- 
vidual brings to the situation. In the de- 
scription of role, the axes would represent 
expected behavior, the duties (output) and 
the rights (input) associated with each role. 
The expectations for behavior would vary 


? Schutz (1958) has developed personality tests 
which are based on this kind of two-dimensional 
representation. Leary (1957) presents a compara- 
ble point of view although input and output are 
not as clearly differentiated. 
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along each axis from behavior which is re- 
quired to that which is prohibited. 


PERSONAL BEHAVIOR 

In addition to the interpersonal cate- 
gories, there are dimensions of personal 
behavior which also play a part in the 
activity of a group. The personal categories 
include those dimensions usually associated 
with personality such as intelligence, social 
sensitivity, and adjustment, as well as 
aspects of the individual’s biological nature 
such as age, sex, and physical strength. 
These categories, like the previously dis- 
cussed interpersonal categories, can also be 
used to describe “tendencies” within the 
individual and “expectations” for the role 
he is to perform. 

Although the mean or average behavior 
in each category of personal and _ inter- 
personal behavior is stressed in the present 
formulation, this should not obscure the 
fact that the mean may not be as important 
for the prediction of behavior in a particular 
instance as some measure of the extent of 
variation and the conditions under which 
the variation occurs. 


PREDICTING BEHAVIOR FROM 
PERSONALITY AND ROLE 
To predict an individual’s behavior in one 
of the form or content areas, one could first 
indicate on the plane a point representing 
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Fic. 3. The Relationship Between Personality, 
Behavior, and Role on One Dimension. 
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the tendency in the personality (See Figure 
3) and also a point representing the ex- 
pected behavior called for by the individual’s 
role in the group. The actual behavior 
would then lie somewhere along the line 
between the personality and role. 

In a ceremony, such as a marriage, the 
actual behavior would be very close to the 
role. At the other extreme, when role is not 
well defined, for example, the role for a 
patient in a mental hospital ward, the be- 
havior would be close to the tendencies in 
the personality. Since in many personalities 
and in many roles one of the content areas 
may be more salient than the others, an 
individual’s behavior may be predominantly 
in one of the content areas. 


VARIATIONS IN INTERACTION RATE 


The characteristic of an _ individual’s 
interactive behavior most frequently re- 
ported in the literature is his interaction 
rate. An individual’s interaction rate can 
vary while the content of interaction re- 
mains relatively stable. In most situations, 
the interaction rate of a single group member 
is related to the rates of other members of 
the group as well as to his own personality. 

An increase in the interaction rate of an 
individual may be associated with activity 
in any one of the content areas. In some 
experiments, an increase in interaction has 
been found to be associated with attempts 
to control a deviant member (Schachter, 
1951). In other research, a high interaction 
rate is correlated with task success (Strodt- 
beck, 1954). In still other studies, as for 
example in the observation of working girls 
doing piece work which does not require 
control, the interaction rate is highly cor- 
related with affection (Homans, 1950). 


CHOICE BEHAVIOR AND COHESIVENESS 


The criteria which individuals use in 
making interpersonal choices may fall into 
any of the content areas. However, in social 
research, subjects are often asked to desig- 
nate group members whom they would like 
to work with (a criterion which appears to 
combine task ability and control), and whom 
they would like to play with (a criterion 
which appears to be primarily affection). 
Since individuals who desire to be close to 
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people will choose others who prefer close. 
ness, there is evidence that “birds of a 
feather. flock together.”” However, indi- 
viduals who like to initiate tend to choose | 
those who like to receive so that it is also 
true that “opposites attract.” 

Groups containing a large number of 
mutual choices on either “work” or “play” 
criterion are often said to be highly “‘co- 
hesive” in that they will ‘stick together” 
longer than groups in which there are few 
mutual choices. Although groups are often 
referred to as being highly ‘‘cohesive”’ with- 
out specifying the basis on which the choices 
were made, the criterion is important. 
Subjects who have chosen each other be- 
cause they like to ‘‘work with” each other 
should be more productive than those who 
have chosen each other because they like to 
play together, provided, of course, that the 
task calls for the type of control relation- 
ships they prefer. A group composed of 
anarchists who had chosen each other could 
not be expected to do well on a task re- 
quiring authoritarian relationships. 

The importance of the criterion on which 
choice is based is not always evident in the 
literature since many subjects will make the 
same choices regardless of the criterion 
which the experimenter suggests. In some 
cases, the multiple choice is justified since 
there are “great men” who are actually high 
on all criteria (Borgatta, Couch, and Bales, 
1954), but in other cases it appears that the 
subject has his own preferred criterion for 
choice and will use the same one no matter 
what the experimenter suggests (French, 
1956). That is, a subject with a salient need; 
for affection would always choose others 
whom he expected to satisfy his affectional 
need whether the situation called for 
affection, or some other predominant cate- 
gory of behavior. 

The approach to the analysis of inter-! 
action in small groups outlined in this paper 
is suggested as a framework for organizing 
ideas. The elements included in the theory 
have been found to be important sources of 
variation in social behavior in a variety of 
situations. However, the prediction of be 





havior in any specific situation may requir 
knowledge of only a few of these elements 
or, on the other hand, an elaboration and 
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; It is an erroneous impression, fostered by sensational popular 
rich biography, that scientific discovery is often made by inspiration— 
the a sort of coup de foudre—from on high. This is rarely the case. 
the Even Archimedes’ sudden inspiration in the bathtub; Newton’s 
— experience in the apple orchard; Descartes’ geometrical discoveries 
i in his bed; Darwin’s flash of lucidity on reading a passage in Mal- 
nm thus; Kekule’s vision of the closed carbon ring which came to him 
righ on top of a London bus; and Einstein’s brilliant solution of the 
“a Michelson puzzle in the patent office in Berne, were not messages 
= out of the blue. They were the final co-ordinations, by minds of 
for genius, of innumerable accumulated facts and impressions which 
tte lesser men could grasp only in their uncorrelated: isolation, but 
neh, which—by them—were seen in entirety and integrated into general 
reed principles. The scientist takes off from the manifold observations 
hers of predecessors, and shows his intelligence, if any, by his ability to 
onal discriminate between the important and the negligible, by selecting 
for here and there the significant stepping-stones that will lead across 
a the difficulties to new understanding. The one who places the last 
stone and steps across to the terra firma of accomplished discovery 
mee gets all the credit. Only the initiated know and honor those whose 
ape patient integrity and devotion to exact observation have made the 
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The psychoanalytic situation, with its private relationship between analyst | 


and patient, is dificult to study experimentally and describe in quantitative 


the patient, and other such uncontrolled variables all interfere with attempts 
to create precise conditions for experimental study. Described he e is an ex- 
periment to control for one feature of the analytic situation, the effect on the 


patient of the analyst’s presence, in an effort to quantify our knowledge in this | ieatty 


important area. 


EXPERIMENT ON THE EFFECTS OF AN OBSERVER’S PRESENCE ON 
THE IMAGO SYSTEM DURING PSYCHOANALYTIC FREE-ASSOCI- 


ATION’ 


by Kenneth Mark Colby? 


San Francisco Psychoanalytic Institute 


INCLUSIVE DESCRIPTION OF FREE- 
ASSOCIATION IN THE PSYCHO- 
ANALYTIC SITUATION 


The term 


— can still be useful. In 
psychoanalysis, we recognize that 
the process termed ‘“‘free-association” is not 
free in the sense of being indeterminate, nor 
is it entirely free of censorship, nor is it 
always associative. But the term has become 
so well embedded in our vocabulary that it 
would be easier to expand its meaning than 
to change the term itself. Scientific terms 
can live on long after original meanings 
have been abandoned and new ones formu- 
lated. In communicating with one another, 
psychoanalysts know what the term “free- 
association” encompasses and as long as 
empirical referents of a term are understood, 
its descriptive aptness is only ornamental. 
In the clinical psychoanalytic situation, 
a patient is given some simple instructions. 
He is asked to lie on a couch, behind which 
sits the analyst, and to describe verbally 
everything he observes entering his con- 
scious awareness. Everything includes every- 


1 This investigation has been aided by a grant 
from Foundations’ Fund for Research in Psychi- 
atry. 

2T am grateful to Quinn McNemar and Chris- 
toph M. Heinicke for their generous counsel. 


thing. He is requested not to exclude any 
conscious element from his continuous 
description. Anyone who attempts this task 
of inclusive description soon realizes that 
it is, in fact, impossible. It can only be an 
ideal striven towards with fluctuating 
degrees of successful approximation. During 
observation of one’s conscious contents, a 
variform commixture of perceptions, mem- 
ories, feelings, images, etc. swarm into 
awareness at a rate far greater than can be 
matched by verbal description. In describ- 
ing to another person, some sort of selection 
must operate to make the descriptions 
communicatively meaningful. Otherwise the 
process becomes the chaos of a rapid se- 
quential listing of namings (actually ob- 
servable clinically when certain patients 
attempt to mock the instructions regarding 
free-association). A describer of free-associ- 
ation is aware that an observer is trying to 
make sense out of what is heard and the 
describer attempts to help him by selecting 
and organizing what is said. Hence a major 
factor in regulating inclusive description of 
free-association is that verbalization repre- 
sents communication to another person, who 
is an immediately present observer. Since a 
relation between these two persons exists, 
we know that the describer will select items 
for description in accordance with the view 
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. | clinical sessions is not always associative in 
| the expected convergent or divergent sense. 
| There are stretches of time when the patient 
| describes events of the previous day in 


} chronological order or when he reports a 


Besides not being free, free-association in 


complete episode, excluding as too dis- 


him during the recounting. Still, we term the 


| over-all process ‘‘free-association” and I 


shall use the term in this sense. When a 
person attempts to observe the contents of 
consciousness and describe them to an 
observer in the psychoanalytic situation, I 
will term this process “inclusive descrip- 
tion.” 


Its use 


A patient inclusively describing free-as- 
sociation is a sender of information through 
messages which are sequences of symbols 
selected from a code. We assume that a 
patient has undergone some experience, a 
pattern of events in time, and that this 
pattern has become encoded in the event- 
structure of the psychic apparatus. Imagic 
or linguistic representations from this 
structural code appear in consciousness and 
are then transmitted in speech in the form 
of sound wave signals to a receiver, the 
analyst, who, using his own structural code, 
decodes the signals into messages containing 
meaningful information. In these messages, 
the analyst searches for patterns and regu- 
larities which allow him to make useful 
inferences about the nature of the patient’s 
structural code and its operations. 

An analyst first makes use of the patient’s 
inclusive description as a major source of 
observational data. (Here I will omit con- 
sideration of another but lesser source, 
non-verbal signs and signals.) An analyst’s 
observations consist of messages decoded 
from inclusive description which form the 
basis of inferences about what is taking 
place in the patient’s intrapsychic activity. 
It is from these inferences that he attempts 
to formulate explanatory generalizations, 
initially about an individual person and 
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ultimately about the general class of per- 
sons. 

At what he considers appropriate mo- 
ments, an analyst verbally intervenes in the 
patient’s flow of association and description. 
He sends certain messages to the patient 
which represent a selective input into the 
patient’s structural code. The patient’s 
resporse, inclusive description of his free- 
association subsequent to this input, is then 
used by the analyst to evaluate effects of the 
intervention. Thus a second use of inclusive 
description consists of the observational 
assessment of the effects of selective inputs. 
Inclusive description of free-association 
constitutes an empirical source for the initial 
formulation of hypotheses and for ultimate 
testing of these hypotheses. 


Three questions 


Years of clinical experience with inclusive 
description have not yet resulted in process 
laws, i.e., tested and dependable generaliza- 
tions. Nor should we expect it to since 
clinical psychoanalytic treatment concerns 
itself primarily with technological problems 
and not with the aims of pure science. 

To an ordinary observer, inclusive de- 
scriptions of free-association appear so 
varied, so meandering, so random, so dis- 
connected that it would seem hopeless to 
produce any order from them. But a scien- 
tific observer realizes this sort of chaos 
exists for all observation. The ordering 
problem consists of breaking up observa- 
tional phenomena into elements of some 
conceptually selected system and then re- 
constituting the phenomena in terms of this 
system. Thus, a psychoanalytic observer 
making a pure-science investigation of in- 
clusive description of free-association would 
attempt to (a) describe a system or process 
under observation, (b) measure regularities 
in the system or process, and (c) deliberately 
intervene to effect predictable changes in 
the system or process. 

These attempts can be formulated as 
three questions: (1) What system or process 
in inclusive description shall we select to 
observe? (2) How can we measure the 
system or process? (3) How is the system or 
process predictably affected by the analyst? 








218 


These questions are of importance for 
psychoanalytic theories of psychology, psy- 
chopathology, and treatment. Psychoana- 
lytic theory consists of a body of propositions 
not only about psychic illness and its treat- 
ment but also about human psychic func- 
tioning in general. These propositions range 
from high-level theoretical assumptions to 
low-level empirical hypotheses. The useful- 
ness of the assumptions depends on empiri- 
cal confirmation of hypotheses deductively 
connected with them. Since the body of 
psychoanalytic propositions is so dependent 
on observation, it is important that in- 
clusive description in the analytic situation 
be exhaustively studied. 

In this paper, I shall attempt answers to 
the three questions posed earlier. They are 
theoretically important questions and I 
hope to show that they are empirically 
decidable questions, having discoverable 
answers. 

Analysts with clinical experience could 
suggest hunch hypotheses about the kind of 
answer reasonable to expect to the first 
question. 


Clinical hypotheses 


A clinical psychoanalyst observes the 
flow of inclusive description for several hours 
a day for many years. He is interested in the 
meaning content of the messages he decodes, 
and he searches for various sorts of opera- 
tional correlations in the meanings being 
expressed. In attempting to answer the 
first question—What system or process in 
inclusive description shall we select to 
observe?—a clinician could propose at least 
three content-areas of repeated importance 
in clinical psychoanalytic treatment: (1) 
the relation between patient and analyst, 
(2) the patient’s concerns and conflicts with 
significant other persons in his life, and (3) 
childhood conflicts involving parents, sib- 
lings, or other relatives. Each of these areas 
involves a patient’s relations to significant 
other persons, to personages important to 
him and with whom he has time-enduring 
affectively-valued involvements. Clinical 
experience suggests the hypotheses that it is 
relations to these personages which con- 
stitute essential (but not the only essential) 
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ingredients of inclusive description, and 
that descriptions of these relations are 
influenced by the ongoing relation to the 
observing analyst. 2 

While a clinician would propose these 
impressions as hypotheses with a high degree 
of probability, it is not easy for him te 
accurately document observations support. 
ing them. Also, in clinical sessions, he is sq 
busy with technical tasks of simultaneously 
evaluating and interacting with a variety of 
events that he cannot conduct a controlled 
test of a hypothesis. He may gather sup- 
porting evidence which tends to raise degrees 
of plausibility, but additional methods must 
be used to record observations, collect data, 
and test hypotheses. 

It has always been difficult to obtain 
accurate observation records of the events 
taking place in clinical sessions. Written 
records are notoriously full of distortions 
and omissions. One reliable way of recording 
observations which others can study and 
which we can restudy at leisure is to record 
the session on tapes. Once taped, the totality 
of inclusive description in a session can be 
played back and the data selected for col- 
lection can then be extracted and notated 
in writing or in some shorthand form. 

In addition to the observational problem 
in clinical sessions, there is the problem of 
therapeutic obligation. A clinical analyes 
undertakes a_ responsibility towards his 
patient which can interfere with conditional 
necessary to test hypotheses. To experi- 
mentally test hypotheses, a group of vari- 
ables must be controlled while other isolated 
variables are studied. But in clinical sessions 
there are often unexpected therapeutic 
demands made on the analyst, and _ his 
responding interventions may of necessity 
be of a nature which ruin controlled experi- 
mental conditions. 

Finally, a major difficulty in clinical | 
sessions is that we have not yet developed a; 
method of measurement or any standard way 
of weighting the significance and reliability 
of our observations. We have the clinical 
impression that certain qualitatively de- 
finable interactions take place in the analytic 
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EFFECTS OF THE OBSERVER ON FREE-ASSOCIATION 


Clinical experience can help us with in- 
tensional qualitative problems of defining a 
class for study but we need quantitative 
methods to deal with the extensional prob- 
lem of how many members are in the class. 
Without a measure of what is taking place in 
inclusive description, we lack a standard 
means of discussing and agreeing on our 
observations. Hence we come to the second 
question posed above. - 


Measurement 


If some entity can be identified and ob- 
served in inclusive description, it can be 
measured since any defined quality can be 
assigned a quantity. To measure is to assign 
numbers or other symbols to observations. 
On a nominal scale, a symbol is used simply 
to classify an observation. We can then 
count the number of members belonging to 
a particular class. If observations classified 
on a nominal scale stand in some more-less 
relation to one another, we can rank them 
on an ordinal scale. Finally, there is the 
equal-interval scale of time which we can 
use to count frequencies and durations. 

In evaluating observations of inclusive 
description in the analytic situation, we can 


state whether some quality is _ present, 


assigning it a classifying symbol, or absent, 
assigning it the symbol 0. Also we can rank 
order degrees of an observable quality. We 
can count how many time intervals contain 
a quality, how many qualities appear in a 
given time stretch, and how long a time 
stretch lasts containing a given quality. 
Therefore we can make a variety of quanti- 
tative measurements and with these meas- 
urements attempt answers to questions (2) 
and (3). 

As mentioned, the clinical session does 
not provide an optimal situation to test 
hypotheses experimentally since it is de- 
signed primarily to carry out technological 
procedures, not to test and establish scien- 
tific generalizations. Even with methods of 
Measurement to help us, there occur in 
clinical sessions too many uncontrolled 
interferences to conduct an ideal experiment. 
Too many questions are being considered 


. Simultaneously and there exist too many 


therapeutic responsibilities te manipulate 
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variables. But the clinical analytic situation 
does represent a unique attempt at a con- 
trolled, artifically simplified, experimental 
human relation. It has the privacy, regu- 
larity, frequency, and constancy necessary 
for a prolonged systematic study of intimate 
and strong two-person interaction. It intro- 
duces variables not found in other human 
situations and it excludes variables usually 
present in real-life human relations while 
retaining their strong effects. If we could 
experimentally reproduce and refine the 
clinical situation, we might develop experi- 
mental ways of testing certain psycho- 
analytic hypotheses. 


Experiment 


An experiment consists of an interaction 
between factors under our control and a 
system we are studying. It is designed to 
answer a specific question and it is conducted 
in an artificially simplified situation in which 
some variables are controlled while others 
are isolated and deliberately manipulated 
to see if the manipulations produce pre- 
dictable effects. 

To experiment in a controlled way with 
the psychoanalytic situation is to enter 
unexplored territory. Initial trial and error 
attempts must be made to acquaint us with 
potential errors. We would like to experi- 
ment with controlled variations of the psy- 
choanalytic situation to test clinical im- 
pressions and to obtain information about 
phenomena hidden beyond the range of 
clinical observation. For instance, question 
(3) above—how is the system or process 
predictably affected by the analyst?—seems 
especially amenable to experimental study. 
An analyst’s verbal interventions, in par- 
ticular, constitute deliberate attempts to 
effect a change in a process under observa- 
tion. Such interventions represent selective 
input factors under our control and thus 
qualify as variables suitable for experimental 
manipulation. 

To investigate inclusive description of 
free-association in the psychoanalytic situ- . 
ation, I have proposed a combination of 
clinical, quantitative, and experimental 
methods. But this is only an empty pro- 
grammatic recommendation. Some _ begin- 
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ning attempts to fill it in empirically will 
now be described. 


THE IMAGO SYSTEM 


To listen to inclusive description of free- 
association in the analytic situation is to 
observe processes unfolding in time. The 
descriptions contain a great variety of ele- 
ments. Which ones should we select to 
observe and to follow through time? It is a 
clinical impression that descriptions of 
personages constitute essential data in 
inclusive description of free-association. 
Let us examine this impression in a more 
detailed and precise way. 

We can differentiate three phases in a 
temporal sequence of relations between a 
person and his personages. In the first phase, 
there exists some interchange between a 
person and his personage in the external 
world when they are in immediate proximity 
in space. In the second phase, events of 
these relations become represented or en- 
coded structurally within the psychic ap- 
paratus of the person. I will term such 
intrapsychic representations of personages 
‘{magos.” In the third phase, portions of 
these imagos appear in the person’s con- 
sciousness during free-association and are 
verbally described to the observer in the 
analytic situation. The analytic observer 
recognizes the presence of imagos by the 
names of personages appearing in inclusive 
description. I will term all the names used 
by the describer to identify personages as 
“‘personyms.”’ A single imago will represent 
a conceptual unit of an inferred imago 
system made up of intrapsychic representa- 
tions of personages. Thus an imago and an 
imago system are theoretical constructs 
while personyms are observables. 

A summary of the definitions follows. 
Observer: a listener to inclusive description 
of a person’s free-association in the analytic 
situation; person: describer of free-associ- 
ation; personage: a human being important 
and significant to the person and with whom 
the person has had a time-enduring, affec- 
tively-valued involvement; personym: an 
observable name used by the person to 
identify a personage; zmago: a theoretical 
construct referring to a set of intrapsychic 
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representations of a personage; imagg 
system: a theoretical construct referring to 
the set of images assumed as a subsystem 
in the structural code of the psychic ap. 
paratus. 


System, state and process 


A system can be defined as an organized 
set of entities and their interrelations se 
lected for study by an investigator. A state 
represents a condition of the system during 
some time interval when it is not under. 
going change. A state can be described 
according to qualities, features, properties, 
or attributes which are termed “state 
variables,” each variable having a range of 
values. A particular state of a system can be 
described by listing the state variables and 
their values for a specified interval of time. 
A process is defined as a sequence of states 
with the continuous parameter of time. To 
specify a process one specifies (a) what the 


system is, (b) what the states are, (c) what\ 


is the process law by which, from a state or 
sequence of states (process), other states or 
processes can be predicted. A process law 
represents an established explanatory gen- 
eralization which when combined with a 
specific state or process of a system allows 
us to predict future states or processes of 
the system. 

If a state or state-sequence of a system 
at a given time uniquely determines its 
state or process at another time, the system 
is considered to be state-determined. If 
state B invariably follows state <A, the 
system is absolutely determined. If state B 
follows state A only in a regular percentage 
of instances, the system is probabilistic and 
Markovian. If no regularity of sequence 
between states or processes can be described, 
the system is completely indeterminate. 

Changes, transitions, or alterations from 
one state or process to another can be of 
three kinds. If only one state variable 
changes, the transition will be termed 
“drift.” If 2 or 3 state variables change, the 
transition will be termed “shift’’; and if all 
state variables change, the transition will be 
termed “jump.” 


When a system is deliberately disturbed *. 


by the introduction of an input variable, 4 
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transition may or may not occur. The proba- 
bilities of transition or no-transition can be 


1 estimated by counting the percentage of 


respective instances occurring with repeated 
experimental trials. 


System chosen 


I have chosen as a system for study the 
set of imagos referred to during inclusive 
description of free-association in the analytic 
situation. These descriptions provide ob- 
servations which allow us to infer states of 
the imago system. A state of this system 
can be derived from observation of de- 
scriptions of personyms appearing during a 
specific time interval. A single imago will be 
taken as an inferred unit and a single per- 
sonym as an observable unit. 

Being arbitrarily selected, such an in- 
ferred system differs from a “real”? system 
which embodies an infinite number of com- 
ponents. But selection of an imago system 
for study provides a useful simplification 
for three reasons. First, there exists a for- 
tunately reliable one-to-one name relation 
between the name of a personage and the 
personym used in inclusive description. 
This allows us to avoid much of the am- 
biguity and redundancy of linguistic de- 
scriptions. Second, the number and variety 
tof personyms appearing in inclusive de- 
scription is small enough to provide a 
delimited and manageable area of investiga- 
tion. And third, since an analytic observer 
becomes a component of imago systems, 
he represents an input factor which one can 
manipulate for controlled studies of these 
systems. 

A state of the imago system is specified 
from observations of personyms named 
during a specific time interval of inclusive 
description. Units of observation can thus 
be related to units of time. After trying out 
various intervals, I have selected the 30- 
second interval as the most convenient 
because it is small enough to provide a 
large number of observations and large 
enough to contain one or more personyms. 
For example, let us take five minutes of 
_ tape-recorded inclusive description of free- 
association by a person and note the per- 
, Sonages referred to during each 30-second 
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interval starting at time 0 and dividing each 
minute in half. The written protocol would 
appear as follows: 


Time Imago 
0 a) Jean 
b) Jean 
1 a) Jean 
b) Mary 
2 a) Mary 
b) Mary 
3 a) Jean 
b) Jean 
4 a) Jean 
b) Jean 


In this example, the analyst knows from 
what is being said that these personyms 
stand for significant personages, “Jean” 
being the person’s wife and “Mary” being 
his sister. During this stretch of five min- 
utes, the imago system can be assumed to 
have exhibited two processes: the state- 
sequences represented by ‘Jean,’ and the 
state-sequences represented by “Mary.” 

When we come to compare states or 
processes of this person’s imago system 
with some other person’s imago system, we 
meet the difficulties of comparing linguistic 
descriptions. Another person may not 
describe a “Jean” or a “Mary” and he may 
have no wife or sister. In this study, we are 
interested in individual persons only as 
members of the class of persons since we are 
searching for dependable class generaliza- 
tions. Hence we must find a way of cate- 
gorizing imagos so that generalizations can 
be formulated. 


Categories of measurement 


Each imago referred to can be assigned to 
categories and the categories represented by 
symbols. I have chosen four categories to 
represent state variables of the imago 
system. Each imago referred to in inclusive 
description can be classified and given 
values in these four categories. They are as 
follows: 

Category (1): Coupling. The coupling 
refers to a time-enduring involvement 
between person and his personage, repre- 
sentations of which are mentioned or al- 
luded to whenever a personym is used. 
Three ordinal degrees of intensity of in- 
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volvement will be used. (a) The capital 
letter T indicates a tight coupling; (b) the 
capital letter C indicates a close coupling; 
(ec) the capital letter L indicates a loose 
coupling. 

Category (2): Affective value. During 
inclusive description, a person attaches a 
variety of affective values to the personyms 
described. The values are grouped as positive 
(like, approve, desire, praise, admire, enjoy, 
etc.); negative (dislike, hate, fear, scorn, 
anger, etc.); and null, i.e., when no affective 
value is present or when the affective value 
cannot be considered either positive or 
negative. Two degrees of positive and 
negative values will be ranked ordinally. 
(a) The small letter p indicates a positive 
value, and pp a strongly pos:tive value; 
(b) the small letter n indicates a negative 
value, and nn a strongly negative value; 
(c) the small letter o indicates a null value. 

Category (3): Developmental rank and 
life phase. This represents a double category 
specifying not only a certain type of per- 
sonage but the phase in the person’s life 
when this personage is being referred to 
during inclusive description. Three ranks 
rand three phases are differentiated. The 
‘ranks are: (a) the number 1 stands for a 
primary imago representing a father or 
mother; (b) the number 2 stands for a 
secondary imago representing a sibling or 
relative; (c) the number 3 stands for a 
tertiary imago representing a girl friend, 
boy friend, wife, husband, etc. The phases 
are: (a) the small letter c stands for child- 
hood up to the age of puberty; (b) the small 
letter y stands for youth from puberty to 
adulthood; (c) the small letter a stands for 
adulthood. 

Category (4): Sex. This category is con- 
cerned with the actual biological sex of the 
personage. (a) The capital letter M indicates 
a male; (b) the capital letter F indicates a 
female. 

At first glance, one might wonder why 
these particular categories were chosen. A 
classification is selected according to what 
one wants to use it for. Its use should be- 
come clearer in the next section. 

Questions regarding the suitability of 
these choices to describe person relations 
may also be raised. The categories are 
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limited in scope and do not capture the 
richnesses of relations between a person and 
his personages. But in exploratory investi- 
gations one must start simply even if 
starkly. 

More important would be questions as to 
the reliability of these choices. Categories 
(2), (3), and (4) require only direct ob- 
servation while category (1), Coupling, 
involves a degree of inference. It might be 
difficult to achieve agreement among mul- 
tiple independent observers as to what is a 
tight versus a close coupling. When the 
relation is that of wife to husband or man to 
love-object, most would rank these as tight 
couplings. But other relations between 
friends or between adult son and parent may 
be difficult to rank. Hence the rank orders 
of category (1) may be of modest reliability, 

Having selected units of observation and 
categories for measurement, let us now 
consider a process having a_ continuous 
parameter of time. 


The imago process and its score 


A column vector containing five symbols 
will be used to describe notationally a 
single state of the imago system. For ex- 


EB 
F 


would indicate an imago representing a 
tight coupling, positively valued, with a 
tertiary, adult, and female personage. 

A sequence of column vectors will be 


used to describe a sequence of states. They / 


can be written out like a muscial score on 
blank music score sheets. For example, let 
us consider a stretch of 30 minutes of in- 
clusive description. The written protocol 
appears as follows, dividing each minute in 


half and recording those personyms appear-t 


ing in that time interval. 


Written Protocol 
Subject 8, Session 6 


0 a) none 
b) Jean T 0 3a F 

1 a) Jean T 0 3a F 
b) none 

2 a) Jean T 0 3a F 
b) Jean T 0 3a F 





3 a) n 
b) ni 
4a) m@ 


b) n 
5 a) n 
b) Ji 
6a) J 
b) J 
7 a) n 
b) fs 
8a) n 
b) Ji 
9 a) n 
b) J 
10 a) J 
b) J 
ll a) J 
b) n 
12 a) n 
b) n 
13 a) n 
b) n 
14 a) n 
b) el 
lb a)a 
b) a 
16 a) n 
b) J 
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7 
3 a) none 17 a) none 
b) none b) Jean T 0 3a F 
. 4a) male friend L o 3a M— 18 a) none 
che female friend L o 3a F b) close male friend C o 3a M 
nd b) none 19 a) none 
ti. | 5 a) none b) none 
if b) Jean T 0 3a F 20 a) none 
6 a) Jean T 0 3a F b) father T o la M 
b) Jean T 0 3a F 21 a) father T o la M 
to 7 a) none b) none 
1e§ b) father T 0 la M _ 22 a) father T o la M 
jb. | 8 a) none b) father T o la M—sister T 0 2a F 
ng b) Jean T 0 3a F 23 a) father T 0 la M 
be 9 a) none b) father T o la M—sister T 0 2a F 
b) Jean T 0 3a F 24 a) father T ola M 
ul-] 10 a) Jean T 0 3a F b) father T o la M 
a) b) Jean T 0 3a F 25 a) father T o la M 
the | 11 a) Jean T 0 3a F b) father T 0 la M 
té b) none 26 a) uncle C o 2a M—father T 0 la M 
| 12 a) none b) father T o la M—uncle C o 2a M 
sht b) none 27 a) father T o 1a M—uncle C 0 2a M 
en | 13 a) none b) uncle C 0 2a M—father T 0 la M 
ay b) none 28 a) uncle C 0 2a M 
erg| 14 2) none b) uncle C pn 2a M 
| b) close male friend C p 3a M 29 a) uncle C p 2a M 
— 15 a) analyst L o 3a M b) uncle C p 2a M 
in b lyst L p 3a M , 
ow} 16 .) len rs The score of the state-sequences or imago 
wi b) Jean T 0 3a F process would appear as: 
' Subject 8, Session 5 
al a & fT a Li L i 2 a he T fs Ti T| T 
vols Me ale o lo oloj\o o | 0 olo|o 
a o o on a ce a a ial 
® e ++ oe e e ® 
Ces 3a| 3a 3a) 3a 3a| 3a 3a| 3a| 3a la 3a 3a] 3a) 3a 
F|F F|F | M!| F F| F F M F Fi F| F 
k } 
0 1 2 3 + 5 6 7 8 9 10 
peas 
a ] 
1 a T Ci Li} L T T Cc T| T| 
j 
| 
be o p|o|p o o | ojo | 
hey ojeoieteitiete ° . - o+-#+-¢ —° 
on 3a | 3a] 3a} 3a 3a 3a | 3a la| la’ 
let } 
in- F M| M| M F F | M M| M: 
1 1 i 
< ll 12 13 14 15 16 17 18 19 20 21 
> 1 
sar-t 
TITITITiTititreretiTi Tiel Ti fi Crt: Crete Sse 
ololololo!lolo|olo|ofo}|o|]o|ojoj|oj}o!] oj} o}| pnip} p 
la| la| 2a] la} 1a| 2a] la} lal la| la| 2a} la} la} 2a} la} 2a; 2a) la| 2a) 2a} 2a 
M! M|FI|M!| M/F] M| M| M| M| M| M| M| Mj M| M| M| Mj M| Mj M| M 
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It will be noted that some 30-second 
intervals contain more than one personym 
and hence more than one imago state. 
Also, there are intervals in which no per- 
sonym appears. Many of these contain the 
self as an object of description but by defi- 
nition an imago is a representation of a 
significant other person. 

To study a single state in the process we 
can examine the contents of a single column 
vector. To follow a particular state variable 
through the process we examine the con- 
tents of horizontal row vectors. Thus the 
imago process score can be read both ver- 
tically and horizontally and counts made of 
columns and rows. 

In this particular example, it can be seen 
that during the second 15 minutes the 
imago system increased in activity, and a 
drift in the imago process occurred in rows 
3 and 4 from tertiary to primary and 
secondary, and from male and female to 
preponderantly male. These sorts of changes 
will be considered more thoroughly in the 
Discussion. 

This completes a brief outline of the 
system-state-process selected for observation 
and the notation that will be used. Such a 
system-state-process model has advantages 
at the observational level not available to 
kinematic geometric models (Colby, 1955). 
The imago system-state-process model al- 
lows us & closer tie between theoretical 
construct and observable, since observation 
in the analytic situation concerns identifiable 
processes linear in time. In the next section, 
we will take up attempts to experimentally 
affect the imago system and examine the 
results. 


THE EXPERIMENT 


Question (3) above asked, “How does an 
analyst predictably affect a process under 
observation?” Having selected  state-se- 
quences of the imago system as important 
and measurable aspects of inclusive de- 
scription of free-association, we should be 
able to test some effects of an analyst on this 
process since his presence and interventions 
represent isolable factors suitable for experi- 
mental manipulation. The working hy- 
pothesis for this experiment asserted that 
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the physical presence of an observer actix 
vates the imago system. The hypothesis 
originated as a hunch from clinical exper 
ence. i 


Method 


An attempt was made to reproduce 4 
controlled variation of the analytic situation, 
The physical setting for the experiment wag 
my private psychoanalytic office used for 
the clinical treatment of patients. The 
only difference in the experimental setting 
was the presence of a tape recorder behind 
the couch. 

To obtain subjects (experimental ‘“‘per- 
sons’”’), a notice was posted on the bulletin 
board of a medical school stating that volun 
teers would be paid $5.00 per hour to parti- 
cipate in psychological experiments on 
free-association. I interviewed each applicant 
briefly and gave him the following explana- 
tion: 

“This is an experiment on free-association,} 
The idea is that I will pay you $5.00 an 
hour to come in each evening four times 4 
week for three weeks. You will lie on that 
couch and for half an hour describe every- 
thing that comes into your mind. What you 
say will be recorded on this tape recorder. I 
guarantee you complete anonymity. The 
tapes will be listened to only by myself and§ 
a technician, and no names or other possible 
identifying data will appear in the write-up 
of the experiment.”’ 

Out of 16 people who volunteered, II 
could meet the demanding time schedule. 
The experimental group was fairly homo- 
genous, consisting of ten medical students 
and one resident. They were all males and 
ranged in age from 23 to 30. None showed 
severe psychopathology and none had been 
patients in psychotherapy. Each subject 
served as a self-matched control in a ‘“‘before- 
after” type of experiment. The sessions were! 
designed as follows. 

At the start of the first session, the orient- 
ing instructions stated above were repeated 
with an emphasis on excluding nothing and 
describing everything. During the _ first 


week, each subject lay on the couch and 
described aloud the “free-associative” con-( 
tents of self-observation. He was alone in the! 

> 








office W 
Each : 
munica 
limited 


| These 


acclimé 
establis 

Duri 
were k 


minute 


enterec 
chair | 
corder 
explain 
with y 
conditi 
not sa; 
take a | 
thing 1 
careful 
second 
The n 
describ 
tions 1 
the th 
upon e 
“The 

Duri 
session 
office ¢ 
jects v 
to exp! 
the ex] 


Result 


Gen 
pertine 


All of 


clusive 
rise in 
the ok 
the se 
this 1 
measu 
Subjec 
anxiet. 
analys 
of sper 
with t 
the su 
minut 
week } 





cti- 


ere 


ea 
ion, 
wag 

for 
The 
Ling 
ind 
per- 
tin 
lun: 
rti- 

on 
na 


ion, 


Ss & 


nts 


vere ®. 


office with a tape recorder behind the couch. 
Each session lasted one-half hour. Com- 
munication between subject and myself was 


1 limited to friendly greetings and goodbyes. 


These first four sessions were designed to 
acclimate the subject to the setting and to 
establish a baseline for comparison. 

During the second week, all conditions 
were kept the same except that exactly 15 
minutes after the start of the session, I 
entered the room and sat as an observer in a 
chair behind the couch with the tape re- 
corder still running. Upon the first entry I 
explained, ‘“‘Now today I will be in the room 
with you part of the time. However, the 
conditions of the experiment require that I 
not say anything. I will just sit here and 
take a few notes. You go on describing every- 
thing that comes into your mind.” I was 
careful to say absolutely nothing during the 
second half of the session while I was present. 
The notes I made consisted of protocols 
, described above and other general observa- 
tions regarding the subject’s behavior. In 
the three remaining sessions of this week, 
upon entry after 15 minutes, I simply said, 
“The same thing as yesterday.” 

During the third week, there were two 
sessions in which I again did not enter the 
office at all as in the first week. Three sub- 
jects were interviewed in their final session 
to explore their thoughts and feelings about 


the experiment. 


Results 


General observations. Some general but 
pertinent observations might first be made. 


» All of the subjects reported in their in- 


clusive description a subjectively appreciable 
rise in tension and feeling of inhibition when 
the observer entered and remained during 
the second half of the session. However, 
this was not objectively observable in 
measuring the rate of their speech except in 
Subject 3. Subject 3 described marked 
anxiety with palm sweating during the 
analyst’s presence and reduction of his rate 
of speech was noticeable. The rise in tension 
with the analyst present was described by 
the subjects as decreasing after five or ten 


- minutes and as the sessions of the second 


week progressed, it subsided almost entirely. 





} EFFECTS OF THE OBSERVER ON FREE-ASSOCIATION 


225 


Two subjects described their inclusive 
description as being both harder and easier 
with the analyst present. It was harder 
because of the slight anxiety aroused but 
easier because there was another person 
immediately present to hear the communi- 
cations rather than a machine with its 
eventual listener far removed in space and 
time. 

All of the subjects wondered what the 
specific purpose of the experiment was. 
During inclusive description when the 
analyst was not present, they made such 
statements as, “I wonder what he’s looking 
for?”’, ‘What will he make out of all this?’’, 
“Ts he making a study of medical students?” 
Since they experienced slight anxiety and 
dampening with the analyst’s first entry 
and presence, all of them coneluded the 
experiment was designed to study the in- 
hibitory effect of another’s presence on free- 
association. In view of this conclusion, it is 
interesting that the results of the experiment 
showed the observer’s presence to have 
actually an opposite activating effect which 
went unnoticed by the subjects. 

During the third week, all the subjects 
began to lose interest in the work. They 
reported a growing boredom with listening 
to themselves free-associate. Some began to 
arrive late, some described the work as a 
drag, and some even fell asleep for a minute 
or two during the session. It would seem that 
it becomes increasingly difficult to describe 
free-association out loud, hour after hour, 
without receiving some acknowledging ver- 
bal response from a listener. 

In their final sessions, Subjects 8, 9, and 
11 were interviewed in order to ask them 
specific questions about their impressions 
of the experiment. They repeated their 
ideas and feelings as reported during the 
sessions. To the question “What do you 
think the chief problems were that you 
talked about?’’, they all mentioned school- 
work since it comprised most of their life at 
the momert. As for censorship, all three 
stated they occasionally left out of their 
descriptions a sexual thought, although on 
the tapes there is no dearth of sexual in- 
formation. When asked directly as to the 
specific aim of the experiment, none of the 
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subjects in their replies guessed it. Subject 8 
thought I was making a study of the way 
medical students free-associated in order to 
compare them with other people. Subjects 
9 agd 11 replied that I was studying the 
fact that the presence of another person in 
the room inhibits free-association. 

Subject 1 was not used during the third 
week for this particular experiment but was a 
participant in another experiment. How- 
ever, the sessions of his first two weeks were 
identical with the other subjects. A few 
times the: tape recorder failed to record 
properly but since this was unknown to the 
subject and the analyst the session was run 
off nevertheless. Subject 10 contracted an 
infectious illness during the second week and 
could not complete the experiment. 

Quantitative data. Quantitative estimates 
were made to evaluate the effect of the 
analyst’s presence on imago systems of the 
subjects. 

The first quantitative measure consisted 
of a count of the number of 30-second time 
intervals in which one or more personyms 
appeared. Since each session lasted 30 min- 
utes, there were 60 possible intervals. Tables 
1, 2, and 3 give the number of intervals in 


TABLE 1 
First WEEK 
NuMBER OF 30-SECOND INTERVALS CONTAINING 
OnE or More PerRsonyMs DuRING 30-MINUTE 
Sessions DivipEp INTO Two. 15-MINUTE 
HALVES 
The observer was not present during the ses- 
sions. 





























Session 1 | Session 2 | Session 3 | Session 4 
Subjects ~— aims Sasiiasd cts 
Ist | 2nd| 1st | 2nd| 1st | 2nd | ist | 2nd 
1 13 | 20; 26 | 26; 20 | 20; 18 8 
2 “6 2 Of OO es aD 
3 10 | 14! 10 +7 ae ee 8 | 13 
4 Sie oe eee oe See ee 
5 5 . 15 | 12} 16 | 18) 2 | 17 
6 21 | 22| 24 | 27| 27 | 30| 26 | 24 
7 | 2 | 22/ 13 | 19] 27 | 28) 22 | 18 
8 1:9} 7 | 5| 12/10} 6/11 
16) oe) Fee 8) 
ot Rae aa ee ee 
11 : 25 | 15; 19 | 12 | 20 | 24 | tT J 








* Session misrecorded. 
Tt No session. 
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TABLE 2 
SEcoND WEEK 





Jhalf and 
= second I 


NuMBER OF 30-SEcoND INTERVALS CONTAINING observe! 


OnE oR More PersonyMs Durina 30-MINuty 

















Sessions Divipep into Two. 15-Minugy statistic 
HALVES 001) an 
The observer was present during the seco Ranks ‘ 
half of each session. | taining 
as a = ——==ae counted 
aa | Session 1 | Session 2 | Session 3 Session 4_ was duc 
ubjects |——_——__— | —_____ | ____-. ____ | _______. 
| ist | 2nd| 1st | 2nd] Ist 2nd | Ist | 2nd the ogi 
re cee ey Gs, ete Real Rowers teat Se __|__] mention 
1 | 1218) 1} 21) 13 17| 20 | gg} both hi 
2 14 | 21} 13 | 15/ 12 | 18] 9 | 19fduring | 
3 8 | 2 oe | aa 9 15 6 = 12} the .00- 
4 4 |; 12 | 13; 20; 10; 16); 9 \ 
5 | 22 | 24| 14/16! 17/17] 13 | %  . 
6 | 27 | 30| 25 | 28/ 19 | 20/ 11 | agg there i 
7 | 15/23] §& | 20) 18 | 29} 23 | 164 first anc 
8 | 12 | 138| 17 | 17) 14} 15] 17 | 1%f) Anin 
9 | 20 | 25) 15 | 23) 22 19| 24 | Wf analytic 
10 | 21) 2) 4 25) tht | ht | Altes 
11 | 22/18) 25 | 20/ 15 | 27| 18 | 29% 
a Fh RY —_Jof the s 
t No session. sive effe 
\ond wee 
which one or more personyms appear From 
during the sessions. Subjects 10 and 11 appear 
not appear for Session 4 of the first week observe 
because of (separate) accidents. the ima 
Totalling each subject’s score for the first] titative 
Were 
TABLE 3 From t 
Tuirp WEEK \ 
NuMBER OF 30-SECOND INTERVALS CONTAINING 
ONE OR More PrErRsoNyMs DurinG 30-MINUTE 
Sessions Divipep into Two 15-MINvuTE Num 
HALVES 
_ The observer was not present during the ses-} The fi 
2 oa eee _} not pres 
Session 1 Session 2 
Subjects rr nn. Seects 
ist 2nd Ist 2nd 
1 t t t t 1 
2 7 7 11 yes | 2 
3 14 7 16 12 ES. 
4 ll 10 10 i a 
5 19 7 14 14 | 5 
6 14 12 20 38 ¢ 
7 23 23 25 2 7 
8 9 14 i ° | 8 
9 9 13 8 sq 9 
10 t t t a a 
11 15 19 21 10 ; 


* Session misrecorded. 
t No session. 
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quences of the imago system, it was noted 
that during the observer’s presence a sta- 


Jhalf and comparing it with his total for the 
}second half, the increments found during the 


NING] ghserver’s presence in the second week are 
UT) statistically significant by the ¢ test (p = 


‘UTE 





001) and Wilcoxon’s Matched-Pairs Signed 
Ranks Test (p = .002). Since intervals con- 


tistically significant change took place in the 
state variable representing the sex of the 
imago. Tables 4, 5, and 6 give the number 
of male and female imago states occurring in 


C 
7 taining personyms of the observer were the first and second halves of each session. 
=| counted, it might be thought that the rise Summing the total males and total females 
41 was due solely to an increased mention of for each subject (omitting mention of the 
a the now-present observer. However, if all observer) and taking the difference between 
4 mentions of the observer are subtracted from these differences, an increment in males took 
2} both halves. of the session, the increment place in the second half of the sessions 
11} during the second half is still significant at significant at the .05 level using the Wilcoxon 
12} the .004 level. During the first and third Test. No such increment occurred in the 
9} weeks when the observer was not present, first or third weeks when the observer was 
" there is no significant difference between the absent. 
1¢{ first and second halves of the sessions. None of the other three state variables 
17) An increase in personyms referring to the showed a process change of any regularity or 
%f analytic observer occurred at a statistically statistical significance. Hence it would seem 
Bi significant level (.01) only in the first session that the presence of the observer not only 
-_Jof the second week. No significant progres- raised the total activity of the imago system 
he effects were observable during the sec- but also produced a process change in the 
Lond week. form of a drift towards a preponderance of 
ur From these statistical estimates it would male imagos. 


appear that the physical presence of an 


-eekj observer served as an input which activated 


first 


‘ 


the imago system, stimulating it to a quan- 
titative increase in output. 

Were any qualitative changes observable? 
From the process score, i.e., the state-se- 


Possible sources of error 


Before attempting conclusions and inter- 
pretations of the data, several possible 
sources of error in the experiment should be 
considered. 


JING TABLE 4 

UTE First WEEK 

‘UTE NuMBER OF MALE AND FEMALE ImMAGo States DurinG 30-MINUTE SEssions DIVIDED INTO 
Two 15-MinuTE HALVEs 

ses- 





The first of the hyphenated numbers represents males and the second females. The observer was 


not present during the sessions. 




















Session 1 Session 2 Session 3 | Session 4 
———T{ Subjects cnt —— aan i | 
id Ist 2nd Ist 2nd Ist | 2nd 1st 2nd 
anita | | | 
1 1-15 8-16 oe 5-12 | 16-7 12-6 3-5 
Se ie . . 1-8 6-6 9-3 12-9 | 7-4 9-6 
4 | 3 4-7 10-5 5-7 3-5 18-5 3-15 | 3-46 13-8 
& Wee" 4-5 6-2 8-2 Oe coe 18-9 | 520 5-4 
. | 5 * * 9-12 12-4 | 13-11 14-7 | 19-15 6-17 
ee 17- 15-14 26-21 19-25 | 34-21 31-33. | 28-28 26-14 
7 14-27 13-22 4-12 16-11 26-11 25-25 | 4-25 6-14 
8 10-3 9-5 9-2 9-4 13-5 0-1 =| 81 11-2 
a aan, 13-7 3-3 14-7 3-3 5-5 ss ff * . 
ee fe . . 18-14 15-13 21-11 18-21 | ft t 
) ee. 33-7 $7 18-3 35-1 t t 
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TABLE 5 | that so! 
SEconpD WEEK | A third 
NuMBER OF MALE AND Femate Imaco States Durine 30-MinuTE Sessions DivipEp INTO | gome 0 
Two 15-MinuTE HALvEs ‘| science, 
The first of the hyphenated numbers represents males and the second females. The observer way edge. 2 
present during the sessions. facilitat 
Session 1 | Session 2 | Session 3 | Session 4 4 observe 
Subjects | eae Bee SR specific 
ist 2nd | Ist | oe and | stst' «=, tnd subject 
| ————_|-_-—3 enperin 
1 10-2 15-6 | 58 a 8-10 7-15 18-11 | give tl 
2 12-5 m4: | dea 11-5 | 16-2 15-7 8-1 9-4 Ft ausive 
3 6-4 52 | 94 5-10 | 63 10-8 3-3 rr wall 
4 4-1 ao 0606] 61 a3. | sas 10-0 16-4 10-9 | But sin 
5 9-21 20-6 12-19 14-2 9-10 14-6 11-6 8-23 | focus oO 
6 21-13 29-8 20-15 29-11 14-14 30-1 6-5 8-5 | for pal 
6 3-13 23-4 6-0 19-2 20-3 18-46 9-19 | 9-10 scious « 

s 11-3 10-3 16-5 | 16-3 4 6|lCté«C+A1 128 | 167 3 
9 13 | 1125 | 1228 | 252 13-6 | 19-3 18-10 | 30-9 { the spe 
10 10-14 17-18 12-20 | 16-19 San Me. t t It n 
ll 21-9 17-6 13-12 | 28-8 12-16 | 20-6 20-7 18-11 | particu 
t No session. ce ere ‘te ~ 
‘ ore his pre 
In an experiment of this kind, the most what sort of changes he expected to find, backgr 


likely source of error would lie in the relation 
between observer and subject. Since the 
observer was a common denominator in all 
instances, one might suspect an observable 
regularity to stem from some constant 
underlying error on his part. By his behavior 
he might have indicated to the subjects 


TABLE 6 
Tuirp WEEK 
NuMBER OF MALE AND FEMALE ImaGo STATES 
Durine 30-MINuTE Sessions DIvIpDED 
Into Two 15-MinuTE HALVES 

The first of the hyphenated numbers repre- 
sents males and the second females. The observer 
was not present during the sessions. 
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ist 2nd ist 2nd 
1 t t t t 
2 6-3 5-2 12-7 1-0 
3 11-3 4-2 14-4 12-4 
4 13-0 3-7 7-5 14-8 
5 10-16 3-4 11-3 6-8 
6 13-6 8-5 18-12 8-18 
7 21-11 12-17 25-15 14-10 
8 7-2 14-8 9-3 10-5 
9 9-1 10-6 8-2 7-3 
10 t t t t 
1l 6-9 17-7 11-11 8-4 
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and in order to please him, they mi 
produce these changes. 

I attempted to keep the relation betwee persons 
myself and the subject at minimum in cialist 
tensity by maintaining a benevolent butl .ooia 
businesslike reserve, indicating a disinclinaf « an’ 
tion to communicate except for the routi he i 
greetings and farewells. Under these cautio ie as 
conditions, it is unlikely that I indicated by faisies , 
my own behavior what specific effect soaege 
being or should be elicited by my preseneg Hsieh 
during the second half of the session. sia ne 

Conscious and unconscious motives of the}; owe 
subjects might be considered as effecting the} 4,4 cut 
particular changes that occurred in thet Thre 
experiment. All of the subjects were working : 
or had worked at low-paying jobs to supple 
ment their income. The $5.00 per hour 
represented an attractive wage to them for 
what they considered very easy work. They 
all described this opinion at some time or| 
other during their inclusive descriptions; 
Some, of course, felt the process to be mildly ilies 
therapeutic in the cathartic sense but none; diideas 
were consciously seeking it for that purpose. the id 
Their unconscious motives, of course, wo Othe 
require a great deal more information t0) ,o40q 
make reliable inferences. My feeling would! jhe ph 
be they were not uniform enough to produce| tives 
the regularities found. One subject stated, 
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} that some day he would like to be analyzed. 
1 A third conscious motive was verbalized by 
. | some of the subjects, e.g., to contribute to 

‘| science, to share in the discovery of knowl- 
wal edge. All of these motives combined to 
facilitate cooperation with the analytic 
observer but they could not account for the 
specific quantitative changes found. The 
{subjects willingly accepted the orienting 
— | experimental instructions and attempted to 
11 | give the analyst what he requested—in- 
clusive descriptions of their self-observation. 
) | But since none of them sensed his particular 
23 | focus of interest, it is doubtful that motives 
5 for participating in the experiment, con- 
10 | ious or unconscious, could have produced 
the specific results observed. 

It might be wondered whether these 
11 [particular subjects, medical students and 
one resident, might anticipate what sort of 
effects the observer would like to see from 

his presence because of their educational 
find background and current work. Naturally, a 
psychiatrist and psychoanalyst has _par- 
}ticular significance for medically trained 
4 persons. To them, he is a professional spe- 
cialist experienced in understanding free- 
. }association and knowing what _ people 
ina. “mean”? by what they say. Also, he is known 
to be interested in childhoods, sexual mat- 
ters, and unusual thoughts. Yet none of these 
| topics increased during the observer’s pres- 
‘ence. The imago system and process, being 
described for the first time in this paper, is 
not a part of medical or psychoanalytic 
knowledge which might be reproduced by 
the subjects to please the observer. 
> Three of the subjects in the experiment 
were friends and at times they discussed 
their experiences in free-associating. Be- 
cause of this, two subjects knew ahead of 
time that the observer would be present 
during the second week. But they antici- 
pated only that they might feel more tense 
ray! in his presence. One of the subjects attended 
idly ,a class in psychiatric diagnosis which I had 
10M) conducted two years previously. None of 
val the others had met me before. 
Other errors might conceivably have origi- 
a nated from situational factors. However, 
Ht >the physical setting was the same for the 


“ | three weeks and exactly the same before and 
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after entry. Outside noises, such as rain, 
passing trucks, overhead furniture-moving, 
people yelling in the street, etc., were too 
random and infrequent to correlate with the 
regular changes found. Variations in ad- 
ministering the experiment were not a factor 
since all subjects were treated in the relevant 
aspects as alike as can be achieved in human 
situations. 

Personal factors such as physical illness, 
transient psychological problems, or par- 
ticular life situations can be ruled out as 
accounting for the effects. Errors in counting 
or computation were reduced to a minimum 
by repeated countings both by myself and 
another person. 

Finally, before interpreting the data, it 
should be mentioned that the size of the 
sample and the number of sessions are suffi- 
cient to make inferences which have sta- 
tistical significance. 

In sum, the possible constant and random 
errors discussed did not play a significant 
part in the results of the experiment. The 
changes found in the activity of the imago 
system and in the imago process were related 
to the input of the analyst’s presence and 
not to solely internal or other external 
factors. 


DISCUSSION 


The working hypothesis—that the phy- 
sical presence of an observer alone is suffi- 
cient to activate the imago system in some 
regularly discernible way—tends to be con- 
firmed by the experimental findings. The 
effects observed might have been more 
sharply demonstrated if during the first 
week the subjects felt that absolutely no 
observations were being made on their free- 
association. They knew the analyst would 
eventually listen to the tapes so in one sense 
there was an analyst present, as represented 
by the tape recorder, during the first week 
and during the first half of sessions: of the 
second week. In order to compare differences 
between observed and absolutely unob- 
served inclusive description of free-associ- 
ation (as far as the person is concerned), one 
would have to deceive subjects by telling 
them their verbal descriptions were not 
being recorded during certain periods. I 
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doubt if the yield would be worth the lie. 
Subjects are not dolts and they would 
quickly conclude there would be no need to 
free-associate out loud when alone unless it 
were being recorded. 

The changes produced by the analyst’s 
presence did not occur 100% of the time. 
They occurred only in a high percentage of 
the experimental trials. This would indicate 
that the imago system should not be thought 
of as strictly determinate in any absolute 
way but probabilistic, i.e., determinate in a 
regular percentage of instances. The output 
of the imago system represents a combina- 
tion of input and internal variables. If a 
change in output can be correlated with a 
specific input in a regular percentage of 
instances, we are justified in assuming that 
the system is probabilistic in a statistico- 
determined sense. 

On the basis of clinical knowledge, one 
might expect other changes to have been 
produced. A progressive effect of the over-all 
experiment might have been anticipated, 
as for example a drift of the couplings with 
the observer from loose to tight or a gradual 
increase in references to the analyst. How- 
ever, these were not observed. The many 
other things not found are bounded only by 
one’s imagination. It is usually a waste of 
time to speculate about negative findings. 
Let us consider only the positive results and 
their interpretations. 

The experimental results indicate that 
during periods of an observer’s silent pres- 
ence (a) the imago system increased in 
activity, and (b) the imago process drifted 
towards a male preponderance, as compared 
with periods when he was not present. I 
would generalize from these facts that in 
the analytic situation the physical presence 
of an analyst is alone sufficient to induce (1) 
quantitative increments in imago system 
activity, and (2) a qualitative process drift 
in the sex state-variable. In higher-level 
theoretical terms, it could be stated that the 
entire class of structural representations of 
personages becomes hypercathected by the 
immediate presence of a particular member 
of this class in the external world. Further, 
a subdivision of this class, i.e., structural 
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experimental relation described here repre- 


representations of males, may become 
selectively hypercathected by the immediate 
presence of a male personage in the external 
world. Neither of these effects are con 
sciously realized to be taking place by 
persons thus affected. 

These conclusions can be seen to have 
implications for clinical psychoanalyti¢e 
treatment and perhaps even for everyday 
human relations. It may be unjustified te 
extend generalizations from this experiment 
to everyday human relations, not so much 
because the experimental group was un 
representative of a hypothetical everyday 
population, but because the contrived experi 
mental relation between subject and ob 
server was so distortingly artificial. T 
clinical relation between patient and analyst, 
while to some extent artificial, remaing 
representative in many aspects relevant 
everyday relations. But the contrived 













sents an extreme distortion, doing violence 
to relations which hold in everyday life. 

But accepting the usual inductive risk 
and, in this instance, its harmless penalties, 
one might at least wonder whether in our 
everyday human relations the immediate 
presence of a given personage mobilizes in 
us messages about a variety of our other 
personages, and particularly those of the 
same sex as the one immediately present. 
Of course, when coupled persons are in 
immediate proximity, they usually speak to 
one another and the effects of this com. 
munication on imago systems may far over- 
shadow the effects of simple approximation 
in time and space. But even this we cannot 
as yet assert with confidence. 

The conclusions are much more relevant 
to the clinical psychoanalytic situation. 
Although a patient’s motive to seek help 
and benefit, and an analyst’s motive to 
offer help and benefit, were not present. in| 
the experimental situation, there was suffi-; 
cient similarity to justify extending general- 
izations from one to the other. Also, the 
experiment lasted over a very short time 
stretch compared to the duration of psycho 
analytic treatment. Over a longer stretch, 
the experimental effects observed might wear» 
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off or be interfered with by the verbal inter- 
ventions of the analyst. The clinical and 
experimental situations have similarities 
and dissimilarities but, again, the similarities 
seem sufficiently strong to risk analogies. 

In the clinical psychoanalytic situation, 
we observe certain regularities. It was men- 
tioned earlier that a person’s descriptions of 
his personages appear clinically to be im- 
portant ingredients in free-association. Con- 
clusions from the experimental findings 
imply that an analyst hears a lot about the 
class of the patient’s personages, not only 
because personages are important, but also 
because the analyst is immediately present 
as a member of that class. The analyst’s 
physical presence introduces a type of 
parallax into his observations, because that 
presence alone has specific effects on the 
observed patient. I am not suggesting that 
this parallax represents a serious bias in 
psychoanalytic observation. Even if the sex 
of the analyst induces a process drift, it is 
not a change resulting in the exclusion of the 
other sex. Also, as in everyday relations, the 
effects of an analyst’s verbal interventions 
may outweigh the effects of his silent pres- 
ence in the analytic situation. However, the 
experiment uncovered two phenomena hid- 
den from the range of our usual clinical 
observation, since 2 analytic observer is 
inevitably present in the clinical situation. 
The effects discovered may be thought to 
have some quantitative and qualitative 
influence on observation in the psycho- 
analytic situation, but they are of perhaps 
greater relevance for the aims of psycho- 
analytic treatment. 

One aim of psychoanalytic treatment is to 
increase a patient’s awareness of his own 
intrapsychic contents and operations. Clin- 
ically, we know that this can be achieved 
through collaborative efforts between patient 
and analyst over long periods of time. It is 
believed that an analyst aids an increase in 
awareness through appropriate procedures 
and interventions. Conclusions from this 
experiment imply that an analyst facilitates 
this increase in a specific way and to a sig- 
nificant degree just through the fact of his 
being present with the patient. The immediate 
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physical presence of an anulyst can activate 
imago systems, bringing more imagos and 
their relations into a patient’s conscious 
awareness without his conscious realization 
that this effect is taking place in his free- 
association. 

Before patterns of a patient’s behavior 
can be subjected to his rational consideration 
and to interpretation by an analyst, they 
must first be mobilized close to or into the 
patient’s conscious awareness. Mobilization 
by itself is of course insufficient for a re- 
organization of these patterns but it con- 
stitutes the necessary initial step. 

The second conclusion, that an analyst’s 
presence can induce a specific qualitative 
process change in the direction of the sex of 
the analyst, would have importance for the 
relation between patient and analyst as the 
patient views it, and for his transference 
reactions. Also, a male analyst may simply 
hear more about males from a male patient 
because the analyst is male. However, 
clinical implications of the second conclusion 
should be viewed with caution. The experi- 
ment was conducted by a male analytic 
observer with all male subjects. While I 
would be willing to extend the first con- 
clusion to patients of both sexes, since the 
biological sex of the participants does not 
seem to be relevant, I would not think the 
experimental results yet justify a conclusion 
that the sex state-variable process drift is 
towards the sex of the analyst. It might be 
that in order for such a process change to 
occur, the sex of the person must correspond 
to the sex of the analyst. While the experi- 
mental finding, ‘that an observer’s presence 
can produce a process change towards 
males, certainly constitutes a suggestive 
fact, the conclusion that it is due solely to 
the sex of the observer remains to be ex- 
plored. Other experiments should be con- 
ducted between a male observer and female 
subjects, and between a female observer and 
male subjects, to find out whether the effect 
is determined by the sex of the observer alone 
or in conjunction with the corresponding 
sex of the subject. 

It is obvious that persons affect other 
persons in everyday life, and particularly in 
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the clinical psychoanalytic situation. But we REFERENCE 

want to know more about the — nature Colby, K. M. Energy and structure in psychoanaly. 
of these effects and about the specific factors sis. New York: Ronald Press, 1955. 


responsible. If we can isolate and refine these 
factors, we may be able to increase our 
control over them. This has been an experi- 
mental contribution towards that end. (Manuscript received March 18, 1959.) 


Popular resistance has been especially strong against religious 
reformers and men of science. That saints and scientists should 
thus be placed in a single category by the opposition of others is 
far more than a casual occurrence. They have much in common, 
above all, their other-worldliness. There are but few saints among 
scientists, as among other men, but truth itself is a goal comparable 
to sanctity. As the Pythagoreans had already understood it more 
than twenty-four centuries ago, there is sanctity in pure knowl- 
edge, as there is in pure beauty, and the disinterested quest of 
truth is perhaps the greatest purification. 

However, the hostility to saints and to investigators was not 
altogether of the same kind. Attempts at religious reform aroused 
popular anger because the inborn conservativeness of man is no- 
where stronger than in the field of religion. The religion of his 
fathers must not be criticized, even if his own profession of it is 
but an outward show. The most malicious kind of hatred is that 
which is built upon a theological foundation. On the other hand 
the resistance to scientific novelties was due to an intuitive, if un- 
conscious, appreciation of their revolutionary nature. The slightest 
and the most innocent scientific innovation is but a wedge which 
is bound to penetrate deeper and deeper and the advance of which 
will soon be impossible to resist. Conservative people are undoubt- 
edly right in their distrust and hatred of science, for the scientific 
spirit is the very spirit of innovation and adventure—the most 
reckless kind of adventure into the unknown. And such is its 
aggressive strength that its revolutionary activity can neither be 
restrained nor restricted within its own field. Sooner or later it will 
go out to conquer other fields and to throw floods of light into all 
the dark places where superstition and injustice are still rampant. 
The scientific spirit is the greatest force for construction but also 
for destruction. 

GEORGE Sarton, The History of Science and 
the New Humanism 
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COMMON TARGET GAME' 


by Harold J. Leavitt 


Carnegie Institute of Technology 


INTRODUCTION 


HE experiment described here is one of 
T: series of exploitations of a group situa- 
tion we have labelled the “Common Target 
b Game.’” 

The “Common ‘Target Game” can be 
played as follows: (1) Four Ss (or more, or 
fewer) are prevented from communicating 
directly with one another. (2) Each is told 
that he may contribute to a kitty any of the 
eleven integers from 0 through 10 by holding 
up fingers, or by other signals, directly and 
solely to HF. (3) EF calls out a target number 
between 0 and 10 times the number of Ss. 
(4) The object of the game is that members 
learn to contribute together precisely the 
target integer called for, on their first effort. 

Thus, for a four-man group, / may cali 


» ‘!My thanks to Professor Warren Bennis of Bos- 
ton University for help in this study. We worked 
on several phases of the general area together at 
the 1957 Social Science Research Council Seminar 
on Organization Theory at Carnegie Institute of 
Technology. My gratitude, too, to Messrs. Ber- 
nard Weiner and Robert Groh of the School of 
Business, University of Chicago (where this exper- 
‘iment was conducted), for their help in organizing 
| data and running subjects; and to the University 
+ of Chicago’s School of Business research fund. 
| Professors Jacob Marschak and Richard Willis 

provided most helpful criticisms of the manu- 

script. 

* The ‘‘common target’’ game has its origin, to 

the best of my knowledge, in the same place as the 
*networks idea; to wit, in Dr. Alex Bavelas. He was 
| trying out variations of it in 1948. 
> 





The current structure of real-life operating organizations is in large part an 
outcome of their problem-solving histories. The experiment reported here 
relates organizational development and performance in laboratory groups to 
variations in the historical sequence of the tasks they have worked on, in an 
attempt to explore what effect the order of the given task has on the develop- 
ing structure of the organization: how solutions to problems emerge and how 
“roles” are assigned within an organization. 


TASK ORDERING AND ORGANIZATIONAL DEVELOPMENT IN THE 


out as a target any whole number between 
0 and 40. Each S must independently select 
some whole number from 0 through 10 as 
his contribution to the target and com- 
municate it only to #. EF sums the four con- 
tributions. 

In the current version of the game, F then 
feeds back to the total group the following 
information: (1) the actual sum of the con- 
tributions of the four Ss (‘‘Your target was 
23, you actually hit 27.”); (2) the distribu- 
tion of contributions, not individually identi- 
fied, beginning with the smallest contribu- 
tion and proceeding to the largest (‘You 
actually hit 27 with one 5, two 7’s and an 
8.”). In this version of the game, too, L 
repeats the target until the group makes a 
direct hit. After a hit, / calls another target. 
In their preliminary instructions, Ss are told 
that their purpose is to try to develop a 
“system such that after several trials you 
will be able to hit any target in one effort.” 

In this experiment a particular target 
series was used with one-half of our experi- 
mental groups, while the other half received 
the same series, but in reverse order. 


SOME CONCEPTS 


It is necessary to digress at this point 
into some analysis of possible solutions to 
the Common Target Game and into possi- 
ble behaviors of Ss. Several points need to 
be made: (1) A variety of programs can be 
constructed, each of which will be satis- 
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factory for solving any target in one effort. 
It is not clear that these alternatives can 
be definitively ranked on any scale of ‘“‘good- 
ness’’ or rationality. (2) Several general pro- 
grams can be construct: ‘ch can solve 
almost all targets in one etfort. It is possible, 
but not easily demonstrable, that some of 
these imperfect solutions may be easier to 
implement than type (1) solutions when 
communication among players is forbidden. 
(3) Some general programs exist which can 
solve any target in two efforts; or in other 
specific numbers of efforts larger than one. 
(4) It is possible analytically to differentiate 
out at least three large substeps in the proc- 
ess of devising a general program for solving 
the game: (a) the determination of a set of 
target categories; (b) the determination of a 
system of roles, utilizing the set of target 
categories; and (c) the assignment of those 
roles to particular individuals. A brief con- 
sideration of each of these steps is in order. 


Categories 


Any general scheme for solving any target 
in one effort requires some classification of 
all possible targets into some set of categories, 
each of which is smaller than the universe 
of targets; otherwise, of course, the solution 
to each target would need to be independ- 
ently worked out and memorized. Several 
categorizations are possible. A 4-man group 
may divide all targets into a set of four 
categories such as these: (a) targets evenly 
divisible by 4 (4x); (b) targets divisible by 4 
with a residual of 1 (4% + 1); (c) those with 
a residual of 2 (4x + 2); and (d) those with 
a residual of 3 (42 + 3). As a subset of al- 
ternatives, one can classify targets from the 
next lower integer divisible by 4; so that 
residuals are counted upward (e.g., the 
target 25 is seen as 24 + 1, or of the class 
4x + 1); or so that residuals are counted 
downward (25 now is seen as 28 — 3, or of 


the class, 44 — 3); or they may use the 
nearest base (e.g., 25 = 24 + 1, but 27 = 
28 — 1.) 


Note that in our experimental case, EF has 
two imperfect ways of detecting S’s cate- 
gorization: S’s protocols, and/or the fit be- 
tween E’s alternatives and S’s performance 
over several targets. 
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But other prominent possible categoriza. 
tions exist, including sets based upon 
division of targets by 10 or by 3. 


Role systems 


The categories selected by a group con. 
strain but do not uniquely determine a set 
of organizational roles that will have to be 





least d 
that w 
perforr 


The 
organi: 
outcon 


performed. Thus if a group had decided on a| Given 
4x + r set of categories, it might proceed to produc 
select any one of several systems of organiza{ ete.) a’ 
tional roles. Differences among role systems} would 
become especially apparent for target num-| organi: 
bers falling in the class 4a + 3. tributi 
Here, for example, are three different propor 
role systems that might be used on a target} hierarc 
number 27, all within the category system? describ 
4x + r. ment ¢ 
Target. Number = 27. to vari 
System (1): the un 
Member A B C_ D § upon. 
Contributes 6 6 6 9 Con 
System (2): . of tasl 
Member A BC D J much : 
Yontributes 6 6 7 8 } have t 
System (3): task v 
Member. A B C D f of info 
Contributes 6 7 @ 7a very 1 
Note that (1) and (2) will not worn for} (1958) 
all targets, e.g., 39. We call (1) a concen-| tween 


trated role system, (2) a semi-concentrated,! and, it 


and (3) a non-concentrated role system. 
Note that more than one role system ig 
possible for other categories than 4x + 1, 
For example, categorization of all targets by 
10’s also allows for more or less concentrated 
role systems. Note, too, the behavior of a 
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group on a single target does not uniquely? structr 


define the categories or role system the 
group may be using. Thus the behavior} 
shown in (3) above,—6, 7, 7, 7— could be the 





outcome of a 42 + r categorization coupled 
with a deconcentrated role system. But it 
could as well result from a 4x — r categoria 
tion coupled with any of the three role sys| 
tems just described. 


Role assignments 
a set of categories and a role system, there 


remains the task of allocating particular, 
roles to particular group members; or at! 


Given a group that has now settled ae 
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iZ&} jeast devising a program of allocation, so 
pont that when a target is at hand, all roles are 
performed and none is duplicated. 


TASK ORDERING 


‘on-| The current structure of real-life operating 
set} organizations is probably in large part an 
» bel outcome of their ‘problem-solving histories. 
maf Given different task histories (e.g., different 
1 to} products, different economic environments, 
iz@! etc.) at different stages of their growth, we 
ems} would expect different present operating 
um-} organizational structures (e.g., different dis- 
tributions of line and staff roles, different 
rent} proportions of jobs at different levels in the 
rgett hierarchy, etc.) The experiment we shall 
temy describe here relates organizational develop- 
ment and performance in laboratory groups 
to variations in the historical sequence (not 
the universe) of the tasks they have worked 
D | upon. 
» {| Concern about the organizational effects 
. of task factors has only recently received 
D | much attention. Lanzetta and Roby (1957) 
8 have been working with the effects of such 
task variables as amount and distribution 
D | of information on group performance. And 
very recently, Newell, Shaw, and Simon 
for} (1958) have shown a close relationship be- 
cen-} tween the order of presentation of problems 
ted,’ and, in effect, the rate of development of 
generalized problem-solving ability by a 
n is computer program. 
t+ tf The earlier research on communication 
s by nets (Christie, Luce, & Macy, 1952) is also 
uted} relevant here, for those experiments demon- 
of a] strated a relationship between task and 
uely > structure by showing the relative inflexi- 
the bility of some structures when faced with 
vior} changes in certain aspects of their tasks. In 
the! general, however, the networks experiments 
pled held task constant and varied communica- 
it it, tion structure, observing the effects of such 
riza! variation first on performance and later on 
Bye) organizational development. In the present. 
> experiment, the constancy is shifted to com- 
, munication structure, which is kept not only 
constant but nearly minimal. The task is 
ipot; varied. Observations are then taken on the 
here| relationship between task variations and 








‘ula processes of task-solving and organizing 
r at! for task-solving. By “organizing” we mean 


ta 
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defining and utilizing rules for making ap- 
propriate task-solving decisions when a task 
is at hand. 


Effects of target order: Some hypotheses 


In the absence of direct intercommunica- 
tion, the order in which particular targets 
were presented in the Common Target Game 
would, we hypothesized, influence (1) the 
group’s performance (the average number 
of efforts required to hit test targets), and 
(2) their program (the nature and degree of 
categorization of targets; the nature and 


degree of differentiation of roles; and the . 
nature and degree of role allocation.) 


More specifically we predicted the follow- 
ing: 

1. 4-man groups put through an “ascend- 
ing’”’ (as viewed by £) series of targets (tar- 
gets of the category 47; then targets of type 
4x + 1; then 4a + 2 targets; then 4x + 3 
targets) would perform better than groups 
put through a “‘descending”’ series (the same 
targets in reverse order, starting with 4z + 3 
and “descending” to 42). 

2. Groups working through an ascending 
series would more frequently achieve a more 
nearly perfectly functioning program than 
groups first put through a descending series. 

3. The variety of program alternatives 
introduced (alternative target categories 
and alternative ways of distributing roles) 
would be smaller for ascending than for 
descending groups. 

4. The ascending groups would more fre- 
quently organize around the class 4x + r, 
and within all possible variations of such 
categories, around the 4x + r subset. 

5. The ascending groups would more fre- 
quently utilize “concentrated” than ‘de- 
concentrated” role systems. 


EXPERIMENTAL PROCEDURE 


The following target series were set up 
for 4-person groups: For “A” (ascending 
order) groups, 16 pretest targets in the order: 
24, 16, 12, 8; 9, 13, 17, 25; 26, 18, 14, 10; 11, 
15, 19, 27. For “D” (descending order) 
groups, the same 16 pretest targets, but in 
the reverse order: 27, 19, 15, 11; 10, 14, 
18, 26; 25, 17, 13, 9; 8, 12, 16, 24. For all 
groups, after the pretest, we appended the 
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following 18 test targets in this order: 30, 
21, 7, 1, 39, 22, 29, 31, 2, 38, 6, 33, 3, 5, 35, 
34, 37, 23. Note that the pretest targets are 
arranged into four subsets of four targets 
each. Subset 1 is made up of 42 targets; sub- 
set 2 of 4x + 1 types, etc. A groups first 
received the 42 targets then ‘ascended’ to 
4x + 1, ete. The D groups started with the 
4x + 3 targets, and “‘descended”’ to the 4’s 
with residual 2, etc. The 18 test targets that 
followed this initial series were not random 
either. They were all new targets, designed 
to give equal representation to the classes 
4x + 1, 4x + 2, 4x + 3; and selected to in- 
clude extreme targets close to the top (40) 
and bottom (0) ends of the range. Ss were 
run through all 34 targets consecutively, 
without a break and without discussion. 27 
groups were run, 14 A’s and 13 D’s. 

The 14 A groups consisted of eight groups 
of graduate students from the University of 
Chicago, predominately from the School of 
Business; four groups of Air Force officers 
(majors and lieutenant colonels); and two 
groups of undergraduate girls, all members of 
the same social club. The 13 descending 
groups were drawn from the same popula- 
tions, with seven groups of students, four 
more groups of Air Force officers, and two 
more groups of undergraduate girls from the 
same club. Non-military Ss were paid $1 
each in advance of their participation. There 
was a good deal of shifting around and last- 
minute adjusting of groups, so the prob- 
ability is high that members of some student 
groups knew one another quite well, while 
other groups were made up of relative 
strangers. Members of four of the Air lorce 
groups, two A’s and two D’s, had been work- 
ing together for a year; the other four groups 
had been working together for about three 
months. 

Ss were seated around a square table, one 
on each side, backs to the table. Each was 
supplied with eleven 81%” x 11” cards held 
together by loose leaf rings, with the digits 
0 through 10 appearing sequentially, large 
and black, one on each ecard. Instructions 
were uniform, requesting Ss to work toward 
a system that would allow them to hit any 
target in: one effort. Once under way, F 
called out a target number, waited a few 








seconds and said, “Up cards.”’ Ss then raised 
their cards with the integers they had ge. MEME 
lected so that all cards faced FE. Ss were un} 
able to see one anothers’ cards. E thenf 
repeated the target, announced the sum 
actually achieved by the group, and then 
announced the distribution of individual} —— 
contributions (without identifying indj-| Mem 
vidual contributors). If the group had hit} Mem 
the target correctly, / then said, “Your a 
next target is...’ and the experiment con- * ye 
tinued. If the group had missed the target, 
: then said, ‘Will you try again for target We 
i and ¢ 
For purposes of analysis, we call the first} categ 
16 targets “phase 1”; the next 14, “phase{ that 
2’’; and the last 4 targets, “phase 3’’ of the of th 
experiment. divisi 
After the 8th, 16th (the last of the pre| cept 
test targets), 21st, and 34th targets, Ss were} to hi 
asked to stop and write a few sentences de-{ resid 
scribing the procedures they thought other} there 
people were following and the procedures, A mi 
they were following. The instructions here} the rt 
were kept loose. Ss were encouraged to write? divid 
whatever they had been thinking about. Ss We 
were interviewed, informally, after the ex-{ of th 
periment. our n 
ram 
RESULTS lay 
Degree and kind of organization as we 
We predicted differences in the degree to} We 
which systematically operating programs tradi 
would evolve. They 
One gross measure of systematic operation} °%®™ 
could be gotten from runs of targets hit ina after 
given number of efforts. Using the last four tinue: 
targets as our criterion, we find that fourt only 
groups of the total of 27 hit each of the last time, 
four targets in one effort. These were all A than | 
groups. One D group hit each of the last} "4U" 
four targets in two efforts. sets 0 
But our most useful data on degree and | | 
kind of organization come from analysis of» PONE 
patterns of contributions by group members, Ex! 
and from Ss’ protocols describing their own? the o 
behavior. j group 
Consider the following data (Table 1)| of thi 
from one of our A groups over the last. siz scribe 
test targets. (Note that these data are from! categ 
a group that hit each of these targets in just 1 fourtt 
one effort.) + tion \ 


t 
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TABLE 1 
se. MEMBER CONTRIBUTIONS FOR ONE GROUP OVER 


& 


30; three men taking whole dividends, and 
the fourth taking only residuals. 

















um Last Six TARGETS Using the same process on all other groups, 
ne ene ee hiiial umber 28d labelling as “unclear” all groups in 
um ARRAN <2 35 which the behavior of fewer than three mem- 
hen S18: bE ae Se bers fitted one of our models, we arrive at 
ual} ——---—-|+|_|_|-|_|__ the frequencies of category-sets and role- 
rdi- aoe . poses we : : : . . : distributions shown in Table 2. It can be 
hit pmmer 5 contrimutes rie Bak, seen that A groups use divide-by-four cate- 
our Ceaiber Apeceon oor ; : : : : : gories somewhat more frequently than D 
5 ara peas: ) | i ti | groups (9 A’s against 4 D’s), in accord with 
get, prediction. 
rget We sought the best fit between these data The behavior of a large number of groups 
and our models of possible combinations of was not observably clear enough to be 
first}. category and role-systems. It seemed clear pigeon-holed. Among the clear groups, A’s 
iaset that member C regularly contributed 14 appear to be using a greater variety of or- 
thet of the next number below target evenly ganizations than D’s, contrary to prediction. 
divisible by 4. Member D did the same, ex- But a survey of the protocols reveals far 
pre-| cept that when 7’ = 2x + 3 he added one greater variety of individual approaches 
vere} to his contribution. B picks up-a piece of (among members of the D groups. 
de-} residuals of two or three, and A adds one if The single more or less effective use of a 
ther| there is any residual at all. (But note that 10’s program occurred in one of the D girls’ 
ures» A may, in fact, have simply been following groups. It is clear from the protocols that 
here} the rule of taking !4 of the next higher whole some participants in that group did not 
rite? dividend.) know that they were doing what we think 


_ Ss We, therefore, regarded the performance 


they were doing and some ambiguity re- 
ex-| of this group as perfectly describable by 


mained in the organization even at the end 


our model of a 42 + r, deconcentrated pro- 
gram, even though member A, for example, 
may not have perceived his own performance 
as we did. The protocols from this group 
were searched for substantiation or con- 
tradiction of our fit between data and model. 
They supported the analysis. Here, for 
example, is a portion of one protocol, taken 


of the run. 
Adjustment 


We counted, in our analysis of protocols, 
mentions of adjustment. A mention of ad- 
justment was any reference in the protocol 
to adjusting or modifying one’s contribution 
as a consequence of the behavior of other sub- 


tion ; * ; ; 

‘naj ater the 2Ist target. S: “The group con- jects. (No subject was scored with more 
four! tinues to solve the problem by contributing than one reference to adjustment.) Here is 
foumr only two kinds of components at any one a portion of a protocol scored as ‘“adjust- 
lal time, i.e., (7) and (x + 1), differing no more TABLE 2 


than one integer. If three like components are 

















ll A j ; NuMBER oF A anp D Groups Wuose BEHAVIOR 
I f these. If tw 
last required, I contribute one of these. two Fits PARTICULAR COMBINATIONS OF 
sets of two equal components are required, I Carecory AND Ro.e Systems 
ail jon the set contributing the larger com- = 
3 | ponent ” Categories Roles A’s D’s 
is of > ge ; : é | SPOS AO ere Pe FGETS 
bers, | Extending the same kind of analysis to : | 
_> the other three perfectly performing (all A) 4's | Deconcentrated 4 4 
own, E alee pe : | Semi-Concentrated 2 0 
groups we find the following. The behavior |  Cleemeiedaenedl 1 0 
os of three groups (including the one just de- | Unclear 2 0 
t aie scribed) could be described by the 4x + r 3's | Concentrated 1 1 
from| Categories, deconcentrated model. The ‘i | Mime os = . . 
. ap fc as best fitte a 3x , iza- s | Jeconcentra ec | 
just urth was best fitted by a 3x2 + r categoriza Gast | 3 - 


‘ ; : Unclear | 
tion with a set of subrules for targets over — ss 
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TABLE 3 
FORTS/TARGET ANALYSIS OF VARIANCE 


EF 

| Sum of > | Mean | : | 
Squares DF Square | F | P 
\ | 
| 
| 





Among Phases (Ist G1 92 .43 | — | 
16 targets, 2nd 
14, last 4) 

Between Target 4.82 | 1 | 4.82 |6.86)/>.05 
Orders 

Interaction 1.38); 2] .69);—|] — 

Residual 65.18 | 72 |} .77)}—] — 























ment”: “Hold number for x tries until I 
determine how many are varying theirs. 
They try to determine how they are varying 
theirs; then compensate.” 

This tendency to perceive the problem at 
least partially in “local”? feedback terms 
occurred considerably more frequently in 
D groups than A groups. Some mention of 
adjustment was made by 20 S’s who were 
members of 10 of the 13 D groups; and by 
11 members of seven of the 14 A groups. 
Moreover, within A groups, there is a re- 
lationship between tendency to mention 
adjustment and poor performance. Thus 
adjustment is mentioned by just one member 
among the seven top performing A groups 
(performance = mean efforts/target over 
all 18 test targets), and by 10 members of 
the seven low-half A groups. 


Performance 


Efforts/target (number of trials to hit 
target exactly) constitutes a ready measure 
of group performance. Our prediction of 
superior performance by A groups was tested 
first by two-way analysis of variance, group- 
ing the scores according to ‘‘phases”’ (mean 


TABLE 4 
MEANS AND RANGES OF Errorts/TARGET 





First 16 First 14 test Last 4 test 
targets targets targets 
A. 
Mean mea Let 2.0 
Range 1.3-3.4 1.1-2.9 1.0-4.5 
D. 
Mean 2.8 7 Aer 2:2 
1.44.4 1.3-4.9 1.3-4.5 


Range 


efforts/target for the first 16 targets, the 
next 14 test targets, and the final four test. 
targets), and orders A and D (Table 3), 
Data from one A group drawn at random 
from the eight student groups were dis- 
carded to permit matching of X’s. 

Only differences in target order showed 
significance in this analysis. The differences. 
favor the A groups but not unequivocally, | 
as is shown by the means and ranges (of 
group means) of efforts/target (Table 4). 

Three other points are worth noting here, 
First, a median test on all 18 test targets 
picked up a significant difference between 
A’s and D’s only on the first target in the 
series. But second, for 14 of the 18 test 
targets the mean number of efforts for A’s 
is lower than for D’s. Third, during the pre- 
test period the first four A targets (all were. 
divisible by 4) were respectively the 16th, 





15th, 14th, and 13th D targets. The A mean 
was 1.6 efforts/target; the D mean (after) 


four D targets (all with residuals of three) 
were the 16th, 15th, 14th, and 13th A tar- ’ 
gets. The D mean for these four was 3.6 
efforts/target, the A mean only 1.9 efforts/ 
target. 


12 experiences), 1.8. Similarly, the ref 


DISCUSSION 


We account for the initial differences in 
performance and degree of organization as 


follows: The use of initial targets evenly 


divisible by mn increases prominence, in 
Schelling’s words (1957), of the idea of di- 
vision by n. Prominence here means two ! 
things: First it means that the idea of di- { 





vision by n will occur frequently to indi- ? 


viduals to whom the problem of n players 


and targets divisible by n is described (even : 


if the individuals are not really playing the 
game with other players). Prominence also 
means that the idea of division by n will 

occur frequently and additionally to ini 
dividuals who are players because they will | 
assume that other players will also perceive : 
division by n as “reasonable’’—probably | 
because it is symmetrical, i.e., it provides | 
approximately equal “shares” to all mem- | 
bers. Hence initial organization around | 


categories. By this view an initial series of > 


targets evenly divisible by 10 should not, | 
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for a 4-man group, be as effective in speed- 
ing up organizational processes as a divide- 
by-4 set, because although 10 fingers match 
nicely with targets divisible by 10, the 10’s 
system sets asymmetrical, non-egalitarian 
roles for the members. We suggest that de- 
concentration, which occurred frequently 
in both experimental orders, probably oc- 
curred mostly for the same reason; and not 
because Ss foresaw the task limitations of 
concentrated programs. 

Turning now to some other findings, it 
seems impressive that so few groups got 
themselves fully programmed by experi- 
ment’s end. In our preliminary runs, we 
had to search again and again for ways of 
making the task easier so that we could get 
at least some of our groups operating at high 
efficiency. We can suggest two reasons for 
the generally low degree of organization. 
One of them clearly is the restriction of 
direct intercommunication. But another was 
a tendency in many groups to reach an early 
impasse in selecting one set of categories 
from among several offered by different 
members. It was as though reasonably in- 
telligent individuals each saw a reasonable 
solution to the task, but having found it, 
could not be induced to perceive that al- 
ternatives offered by others were almost as 


~ reasonable. If members had been permitted 


to intereommunicate, these unstable stale- 
mates would have been easily removed. 
Finally, we think that one of the most 
curious and enlightening occurrences in 
the experiment was the discovery that a 
small number of Ss defined the task differ- 
ently from the rest. While most Ss, given 
the task, proceeded to categorize targets 
and then to go on to other parts of the 
program, some Ss did not. They treated 
the task first from a social perspective, 
writing in their protocols of “adjustment,” 
“leadership,” et al., and never mentioning 
division of the targets by an integer. Most 
of the groups with such members performed 
badly, but some showed improvement and 
some ended up performing moderateiy well. 
It is possible that number-fear had some- 
thing to do with this behavior—that these 
Ss (mostly women) blocked at the idea of 
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doing arithmetic, retreating instead into a 
social treatment of the problem. But this 
explanation, whether true or not, implies a 
hierarchy cf appropriate ways of attacking 
this task—a hierarchy in which this social 
attack would rank lower than an arithmetic 
one. 

Such a hierarchy is not easy to defend, 
either from our data, or from the logic of 
the problem. For although no such group 
appeared in our sample, we might theo- 
'retically have gotten a “local” working 


» program without any target categories. One 


example could be a lecal feedback program, 
that could solve any target in two efforts by 
calling for random behavior on effort #1 
and corrective behavior (rules like “High 
man will reduce if we are over target; low 
man will come up if we are under; plus ap- 
propriate subrules) on effort *# 2. 

Such an inelegant solution based on pre- 
vious behavior of members ought not be 
judged too quickly as less rational or less 
good than one effort programs; for such a 
local program might prove to be more adapt- 
able to, say, changed tasks than one effort 
programs. The divide-by-X programs, after 
all, are highly task-specific; their accom- 
panying role systems and assignments are 
utterly dependent on the categories selected; 
and the categories in turn are utterly de- 
pendent on the specific task. But the local 
program is relatively task-free, and is bound 
instead more closely to the people who make 
up the group. 
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The structure of a “balance of power” system can be explored with the aid 
of models, but for practical and theoretical reasons, the theorist often has dif. 
ficulty in displaying all the implications of his model. In an effort to bring out 
and examine the stabilizing qualities and other potentialities attributed to the , these 
“balance of power” system, the authors of this article have invented a com. | allow 


petitive game of international politics—not as itself a model, but as a device 
for “playing out” models and theories. 


THEORETICAL ANALYSIS OF THE “BALANCE OF POWER" 


by Morton A. Kaplan, Arthur Lee Burns, and Richard EF. Quandt* 


University of Chicago, Australian National University, and Princeton University 


F one thinks of a “balance of power” 
I system of independent nation states as 
being somewhat like the system that actually 
existed in the eighteenth and nineteenth 
centuries, some fascinating theoretical prob- 
lems present themselves. Is the system 
stable—that is, does it have the property 
that it tends to be maintained as a system of 
independent nation states, characterized by 
groupings into rival transient alliances; or 
does it tend to be transformed into a differ- 
ent system, either by a reduction in the 
number of states or by aggregation into a 
system of relatively permanent alliances? Or 
will the system be unstable or stable de- 
pending upon the conditions or assumptions 
built into the system? Is there some lower 
bound upon the number of nation states 
necessary for stability? An upper bound? 
Since stability obviously depends in part 
upon the behavior of the members of the 
system, what motivations or mechanisms 
trigger the behavior that makes for  sta- 
bility? 

Obviously these questions cannot be 
answered in terms of a model that attempts 
to account for all the factors and processes 
operating in the real world. The science of 
man, society, and the environment as inter- 
acting systems is too complex for theoretical 
treatment. If, however, one examines the 
“balance of power” international system in 


* This paper was written for the Center of In- 
ternational Studies, Princeton University. The 
authors wish to thank Jerome Rothenberg of the 
University of Chicago for helpful suggestions. 


terms of a restricted set of variables, it may 


be possible to build a theory of the system 
and to examine its internal mechanies. 
Several such theories and models derived 
from different sets of variables have been 
developed—by this _article’s —_ authors, 
amongst others. For illustrative purposes, 
one particular model is sketched below. If 
we find that, given appropriate inputs, its 


workings reproduce some features of the , 


historical balances of power, we shall try to 
make it work also under varying conditions, 
so as to bring out and examine the stabilizing 
and other potentialities attributed to the 
“balance of power” system. 

To do this, however, we need a method 
for deriving the implications of any 
model—a way of ‘setting it to work’—less 
time-consuming than that of formal infer- 
ence. We have therefore invented a competi- 
tive game of international polities." 


THE GAME 


The game is not a s?¢mulation of any actual 
political process, nor does it directly provide 
a theory or model of world politics. It is 
rather a means of displaying the formal 
properties of any one of a family of models— 
viz., of those which assume that the “balance 
of power” and other international systems 
are (i) essentially competitive and coopera- 
tive at once, (ii) essentially responsive to 
military force or the threat of it, and (ili) 
sensitive in the long run to changes in their 
constituents’ economic potentials, from 


1 For rules of the game, see the Appendix. 
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THEORETICAL ANALYSIS OF “BALANCE OF POWER” 


which alone their 
produced. 

The object of our game, therefore, must 
include both competitive and cooperative 
ends, though the proportion or mixture of 
these should be variable. The rules must 
allow for the possibility of making war, 
though the rate at which the embattled 
forces exchange should again vary with the 
requirements of the model to be displayed 
by means of the game. (The stability of any 
balance of power, and the motivation it 
affords for alliances and other such balancing 
alternatives to war, are acutely sensitive to 
the form and intensity of the military 
exchange rate, and to the power of weapons 
to destroy economic resources.) And last, 
the equivalents for ‘military force’ to be 
displayed in the game must flow in the last 
resort from something equivalent to the 
instruments of production—the rate of that 
flow, again, may be varied. 

The rules concerned with those three 
elements in the game, and any other rules 
introduced, must cohere so that a conflict of 


military forces are 


rules never arises in any play of the game. 


We cannot of course be sure that the 
particular set of rules in the Appendix is 
thus completely self-consistent, but we be- 
lieve that a tolerable number of further plays 
can help us make it so. 

Since, as we have suggested, various sets 
of rules are possible within the limits of 
self-consisteney, our device might more aptly 
be called a family or genus of game. Its 
various possible forms are related to each 
other somewhat as are auction bridge, con- 
tract bridge, and solo—-a family of ecard- 
games evidently distinet, for instance, from 
the various forms of poker. 

The game (or games) is ‘adaptable in 
another way. Linked to some types of 
model, it will best. be played as an ordinary 
table game, and perhaps only so. With 

2 We are already much indebted to the members 


of the Princeton University Center of Interna- 
tional Studies in particular and of Woodrow Wil- 


“son School in general, who spent a number of 





evenings playing the game so that contradictions 
in the rules might be exposed. The Center also 
provided the equipment required. It cannot have 
been easy to show that the purchase of a hundred 
and fifty dice would contribute even indirectly to 
the study of international politics! 





‘ resources 
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models involving contrary assumptions, e.g., 
those which require that ‘players’ follow 
specific strategic maxims or adopt definitely 
prescribable styles of play, mechanical tech- 
niques for running the play are probably 
more desirable. Pencil and paper studies of 
the game are also possible, as with problems 
in chess and bridge. 

If chess or bridge is to be thought of as 
having, in principle, game-theory solutions, 
it seems intuitively obvious that any self- 
consistent species of our game will have a 
solution in principle. We understand, how- 
ever, that the theory of games for any number 
of players greater than four has yet to be 
developed. It is also evident that the per- 
mutations of strategy in all but the simplest 
and least interesting two-person variety of 
the game must put it beyond the reach of 
any calculator. Though it should be possible 
to teach the “‘balance-of-power” game to 
machines capable of learaing chess, we do 
not at present see much point in doing so. 


“BALANCE OF POWER” MODEL 


Having described our game as a device to 
display the implications of models and 
theories about international systems, we 
shall now refer to one such supposed sys- 
tem—the “balance of power’—and to a 
model intended to reveal and reproduce the 
mechanism which “balances of power’’ are 
supposed to have embodied. 

Both Kaplan and Burns have made at- 
tempts of this type previously; it is now 
desired to construct a somewhat more 
sophisticated model of the ‘balance of 
power” and to examine the conditions under 
which it may be possible to test some of the 
consequences of the model by use of the 
machinery of our game. One of the important 
variables of the model will be the nation 
state which, in this model, will not be 
differentiated internally. We will also assume 
that there are no political impediments to 
the decision-making process and no con- 
straints on the utilization of the nation’s 
except economic constraints. 
Moreover, the information of the decision- 
makers will be complete. That is, they will 
know how much in the way of economic and 
military resources the other nations have, 
at least at the present time. They will not 
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know, of course, what decisions other na- 
tions are likely to make except insofar as 
information concerning this is volunteered 
during a bargaining process. The nations 
will each have one and only one frontier with 
each other nation. For more than four 
nations this is not physically possible geo- 
graphically, unless one includes sea or air 
frontiers; yet one could construct a space in 
which this would be possible. In addition, 
each nation can move any portion of its 
military resources to any frontier with equal 
ease or difficulty. Military resources will not 
in this case be nuclear. The military ex- 
change rate will be specified in the game to 
be introduced later, as will the absolute and 
relative amounts of military resources. They 
will be assumed equal, however, at the 
beginning of the game. After each round of 
the game, there will be increases in national 
productivity. These increases will be unequal 
and the ratio of increase per productive unit 
will be determined by chance. Productivity 
increases can be transformed into military 
resources in a way to be specified later. We 
will further assume, at least as a preliminary 
assumption to be varied later, that each 
nation dislikes uncertainty, that is, that it 
prefers its present situation to a risky 
gamble that would improve its position, but 
would also prefer a still less risky situation to 
its present one. It is also assumed that each 
nation desires to maintain its position as an 
independent nation state, that is, that no 
economies of scale or values dictate either 
absorption into a larger organization or 
sacrifice for a different nation. Yet no nation 
can be sure that other nations lack a positive 
incentive for war or will lack such an incen- 
tive in the future. Such incentives might 
include a desire to rule other nations, a 
desire for supranational organization, a de- 
sire to overcome internal political stresses, 
or other reasons. Almost all the previous 
assumptions are contrary to fact; yet, as we 
shall see, they permit us to investigate 
economically the properties of the ‘“‘balance 
of power” international system. 


THEORETICAL ASSUMPTIONS 


Before investigating alternative explicit 
models of the various systems consistent 





with the assumptions, discursive analysis of| that 
the theoretical problems arising from the} allian 
assumptions will provide insight into the} first 1 
problems the explicit models are designed to! partn 
illuminate further. Each of the nations, as it} war I 
observes the world in which it operates,| partn 
observes certain fundamental uncertainties ) than | 
which make that world somewhat hazard. | to off 
ous for it. Other nations may grow stronger | benefi 
than it because of internal economic reasons, | reaso! 
that is, the incidence of stochastic increases | about 
in national productivity may operate against | tende’ 
it, or other nations may combine against it) and f 
to increase their security. Since, in  this/ limite 
discursive model, the internal economy can- | 

not be manipulated to guard against declines | Count 
in security occurring for other reasons, it is| Let 
important either to enter an alliance or} forma 
combination strong enough to guard against | the te 
unfavorable stochastic increases in produe- + count 
tivity and against the pressure of military , eratio 
build-up on one’s frontiers or to go to war! natior 





in order to force a favorable change. tions 
; : | first « 
Formation of alliances | oppor 


In a world of five equal nations, for’ in the 
instance, an alliance of three would enjoy af are tc 
reasonable degree of security, the counter-| sharec 
alliance of two being unlikely to win a war. establ 
One might assume that there would be} game 
sufficient security in the alliance of three not} follow 
to necessitate a war. However, there is no] offer. 
reason to assume that the alliance will] offerec 
endure indefinitely. If the assumptions of the} from | 
model are even a little extended, somef nation 
contingency arising from an insult, from} of a \ 
political events that have external conse-| offer 
quences, and so forth, is sure to arise and to} domin 
upset the alliance. There is a strong tempta- | formes 
tion to go to war in order to increase one’s! the né 
national strength in relation to at least some, and t 
othér nations. There are additional reasons Nation 
for this. A favorable combination of gain Offer 
from war and gain from stochastic increase the fi 
in productivity might make it possible for a, seconc 
particular nation to gain equality or better in. likely, 
an alliance of two rather than three. In this, becau: 
case, one would need to find only one rather? has al 
than two alliance partners to protect one’s) “* 
security. In addition, if the stochastic gains! © 
in productivity turned out to be unfavorable, | the 
a gain in war would decrease the possibility, Mus 











that two other nations could form an 
alliance that was superior to the alliance the 
first nation was in, even though it has two 
partners. Moreover, in one sense, a gain in 
war might make it easier to gain alliance 
partners in the future, since, being more 
than equal in capability, one might be able 
to offer potential partners slightly superior 
benefits for joining one’s alliance. For these 
reasons we may state as a first hypothesis 
about the model’s working that there is some 
inst | tendency in the system for alliances to form 
st it. and for alliances to culminate in at least 
this | limited wars. 
can- 
lines 
it is} Let us examine the process of alliance 
» or| formation further, however, to see whether 
inst the tendency to form alliances might not be 
due- » counter-balanced by even stronger consid- 
tary erations. Suppose, for example in a three 
war | nation system, that nature establishes condi- 
‘tions that permit one nation to make the 
first offer of alliance, that it seizes this 
| opportunity, that the offer is a ‘fair’ offer 
for | in the sense that any gains from the alliance 
oy af are to be allocated equally and any costs 
iter-| shared equally, and that the imputation 
war.| established by the offer is dominant in the 
| be} game theoretic sense. We shall consider the 
. not} following hypothesis about responses to that 
s nol offer. The nation to whom the alliance is 
will] offered knows that it can get a better deal 
f the} from the nation that is left out. Since that 
some? nation does not want to be on the losing end 
from} of a war, it will accept less than a “fair’’ 
mse-| Offer or enter an imputation that is not 
id to} dominant. If, however, this new alliance is 
\pta- | formed, it can be replaced by an alliance of 
yne’s| the nation left out in the first imputation 
some, and that left out in the second, for the 
sons nation left out in the second imputation can 
gain offer a better deal to the nation left out of 
rease the first imputation than it gets in the 
fora, second. That the offer will be accepted is 
erin likely, not only because it is better, but 
this because the other nation in the imputation 
ther? has already established a reputation as a 
one’s| ““ ver.”’ Since that nation can be bought 
zains| 0. important to anticipate him. Thus 
able, | the on offered the alliance originally 
vility Mus < being left out in an unstable 
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bargaining process if he refuses the offer. 
And, as the offer is “fair,” he has no reason 
to do this if he is reasonably conservative. 
Similar reasoning indicates that the nation 
making the offer will not listen to a better 
offer from the nation left out. 

Suppose, therefore, that an alliance is 
formed and suppose further that it goes to 
war against the third nation. Now suppose 
the third nation threatens to commit all its: 
forces against one of the alliance partners 
and to surrender to the other. If this threat 
were credible—and it might be made credible 
by a proper distribution of the forces—the 
nation against whom the threat to commit 
the forces is made would offer an alliance to 
the threatening nation. Since the same 
thing would happen whenever an alliance 
was formed and prepared to engage in war, 
war never would occur, unless, at the end of 
a series of stochastic changes in national 
productivity, two weak nations went to war 
against one strong nation. 

That such a “standoff” would occur is 
unlikely, however. One reason is obvious, 
but our model excludes employment of that 
reason, namely that the public would not 
stand for the threat of suicide, no matter 
what its practical advantages. However, there 
are other reasons why the threat is unlikely. 
One cannot assume perfectly rational be- 
havior. If the threat were made, the proper 
dispositions assumed, and the threat turned 
out to be ineffective, the consequence would 
be disaster. The victorious nation would reap 
the ‘spoils’ and immediately turn on its 
weakened erstwhile partner. On the other 
hand, if the lone nation fought and were 
defeated, the defeat might be only a limited 
defeat (this consequence is much more 
likely when there are more than three 
nations in the system for reasons that will 
be clarified soon). It is less likely that two 
nations would expect to impose a harsh 
peace than that a single nation would impose 
such a harsh peace. A two nation system 
seems inherently unstable because the sto- 
chastie increases in productivity would soon 
give one nation an edge on the other. There- 
fore both victorious nations have an interest 
in limiting the damage inflicted on the 
defeated nation and maintaining it as a 
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potential “balancer” for the system. More- 
over, both victorious nations would have to 
agree to a harsh peace and .he defeated 
nation has some bargaining power if it does 
not surrender. 

It might seem (contrary to the previous 
assumption by the authors) that a three 
nation “balance of power’ system would be 
stable, that some nations would not tend to 
be eliminated or reduced to insignificant 
strength. However, this is unlikely. Although 
the two victorious nations have an interest in 
limiting the defeat of the third and in 
restoring it to the system as an acceptable 
role partner, they might not do so. Since 
this might not happen, the penalty for being 
left out of an alliance would be high and 
even the hazards of being in an alliance 
relatively great. Even if a nation were in 
one alliance, it might be left out of the next. 
Therefore this would be a system in which 
each victorious nation might attempt to gain 
as much as it could from the war as a protec- 
tion against what might happen in the next 
round. Moreover, each victorious nation 
would attempt to double-cross the other in 
order to obtain a differential advantage. 
There would be a premium upon deceit and 
dishonesty. On the other hand, the addition 
of some other nations to the system would 
remove many of the pressures and thus add 
to the stability of the system. 

The discursive analysis would seem to 
support five of the essential rules of Kaplan’s 
“balance of power’ system (1957, pp. 
23-24). It suggests that the nations ra- 
tionally would attempt to increase their 
capabilities; would go to war, if necessary, 
for that purpose; would form alliances and 
counter-alliances; would limit the spoils of 
war (given a sufficient number of nations in 
the system); and would treat former enemies 
as acceptable role partners in future coali- 
tions. A sixth rule, specifying that nations 
combine against a nation that has suprana- 
tional ambitions, does not seem to be sup- 
ported within the framework of the specified 
assumptions. 


Problems of supranational nations 


The question is: Why should a nation be 
singled out for opposition just because it has 
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supranational ambitions? Should not. the ’ stance, 
normal operations of the system, that is, the same r 
process of alliance and counter-alliance, tion of 
serve to control it? If we were to assume that danger 


a nation with such ambitions had a special elimina 
facility for making foreign policy decisions gain ce 


quickly and efficiently, then it might be that ; a threa 
more slow-moving nations could counter its jg a mit 
activity only by entering a sort of protective Kaplan 
league. Or it might be that the nation with having 
supranational ambitions has a clearer knowl great: « 
edge of its goals, in which case other nations | justify 
learn how.to oppose it only when it requires Burns, 
their combined strength to make opposition { additio: 
effective. Or it might be that nations with | comple 
supranational ambitions also are able to! weigh | 
make use of organization, for instance, a| ment. ( 
supranational party, or ideology, to weaken | sarily n 
their opponents internally, in which case the! This 
normal essential rules of the ‘balance of } tions m 
power” system are difficult to effectuate; in of powe 
this case, combination is essential. Finally, | more g 
the problem may involve any harsh peace power” 
and not that alone imposed by a nation with for pur 
supranational objectives. It might be that a) sons? 7 
harsh peace has such unstabilizing effects on | questio 
the “balance of power” system that all other /recapiti 
nations have a joint interest in opposing this, | trovers 
and may also have a joint interest in| power.’ 
punishing the nation which attempts it in} Upor 
order to reinforce the rule dealing with the} claimed 
limitation of objectives in war. of rule 

Thus, although we assume that alliances} despite 
are fragile and that nations will tend to drop | order w 
out of victorious alliances because, if over-;tive to 
whelmingly victorious, they will become nation’: 
threats to at least some of their own mem- they al: 
bers, it may be that a general coalition is and sn 
required against a nation which can manipu- later st: 
late organizational or ideological advantages, became 
which has made extensive gains because politica 
other nations have not behaved according “strive 
to the rules, or which attempts actions that But ori 
have an unstabilizing influence upon the ture fin 
international system. not th 
and fu 
though 
for his 
tious 1 
“balance 
and res 


The 





STABILITY OF A “BALANCE OF POWER” 
SYSTEM 


We do not yet know the number of nations 
that is optimal for stability. Three clearly 
would appear too low. Just as clearly some 
upper number would be too large. For in- 
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he’ stance, if there were 2,000 nations within the 
he same relative capability range, the elimina- 
, tion of several would not necessarily be a 
at danger to the others unless they were 
ial eliminated by a single nation which began to 
ng gain certain economies of scale that did pose 
at » a threat. Kaplan and Burns agree that five 
its js a minimal number of nations for stability. 
ve Kaplan, however, thinks that the gain from 
ith having potential coalition partners is still 
wl. great enough above the number five to 
ms | justify some additional number of nations. 
res Burns, on the other hand, believes that 
ion { additional numbers generate problems of 
ith | complexity in decision-making that out- 
to | weigh the gains from potentiality of align- 
| ment. Quandt believes that five is not neces- 
en | sarily minimal for stability. 
the! This question about the numbers of na- 
of »tions most apt to provide a stable “balance 
in of power” is a specification of the following 
lly,| more general questions: is any “balance of 
ace power”’ finally stable; and if it is, is it stable 
ith for purely structural and mathematical rea- 
ita sons? The authors’ answers to these latter 
on questions are partly divergent, and thus 
her /recapitulate, to some extent, historical con- 
his,| troversies concerning the “balance of 
in| power.”’ 
/ in} Upon its behalf, its early supporters 
the} claimed that the selfish ambitions and desires 
of rulers for power and security served, 
ices| despite them, to conjure up an international 
rop | order which tended (i) to provide an alterna- 
ver- tive to war and (ii) to prevent any one 
yme nation’s achieving hegemony. Sometimes 
em- they also alleged (iii) that it preserved weak 
n is and small nations from conquest. In the 
ipu- later stages of its history, ‘balance of power” 
ges, became a normative concept—maxims of 
wuse political wisdom included adjurations to 
ling “strive to maintain the ‘balance of power.’ ”’ 
that But originally a ‘hidden hand’ (i.e., a struc- 
the ture finally analyzable in quantitative terms, 
not the creation of any human _ being, 
and functioning quasi-providentially) was 
R” thought to maintain it—strive as he might 
for his own power and security, the ambi- 
ions tious ruler could achieve nothing but a 
arly “balance” with others that at once preserved 
some and restrained him. 
r ine The ‘hidden hand’ version makes a bold, 
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striking, and powerful hypothesis, especially 
when it involves the claim that no nations, 
however weak, will be eliminated—a claim 
that is, to complete stability. It is therefore 
worth testing. Even in this weaker form— 
that given an optimum number of member- 
nations and a favorable state of military art, 
the “balance of power” will prevent the 
elimination of members—the equilibrium 
hypothesized would call for analysis which 
the ‘playing out’ of a model might provide. 

Less theoretically surprising but closer to 
much historical reality is the view that a 
“balance of power” tends to be stable (by 
which we shall now mean that even weak or 
dependent nations tend not to be absorbed 
by others, or physically destroyed or parti- 
tioned in wars) when all the member-states 
comply with a conserving or legitimist code. 
That is, while each seeks to improve its 
own position in the system, it still observes 
certain limitations and duties which serve to 
maintain the system and to keep up the 
number of its members. If such a dual policy 
could be worked out so as not to produce 
conflicts of strategic maxims, the system in 
which all followed that policy would seem a 
priori more apt to be stable than would the 
Hobbesian system of the last paragraph. 

The essential rules of Kaplan’s “balance 
of power” (see above) formulate the policy 
which, if generally adopted, would promote 
such a system. A model of it might be 
‘played through,’ either by instructing hu- 
man players to adopt a broadly conserving 
or legitimist style of play, or by _ pro- 


:gramming a machine with strictly quantita- 


tive rules (e.g., never to allow a defeated 
nation to be reduced in potential to a level 
at which any other unaided nation alone 
would have a high probability of defeating it 


‘again). If the latter method were to be 


adopted, the system’s expected stability 
could be subjected as a test to severe strain 
from other sources—great advantages for 
surprise attack might be established in the 
military exchange rate, and rate of produc- 
tion might be allowed to vary more widely. 
It would not be easy to ensure that human 
players consistently balanced their self-pre- 
serving and system-preserving objectives, 
and therefore machine-play would better 
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help explore such a system’s stabilizing 
properties. Once these were determined, 
however, it might be interesting to see 
whether people trying to adopt the legitimist 
style of play might not turn out to behave 
paradoxically, so that either the self-pre- 
serving or system-preserving motivations 
proved self-defeating. Or it might turn out 
that system-preserving activity was also 
self-preserving in which event the legitimate 
norms of the system might only represent the 
learning behavior of the actors. 


ADVANTAGES AND LIMITATIONS OF 
THE GAME 


Since we are supposing that rigorous 
game-theoretical solutions are practically 
out of the question, it is clear that any 
experimental evidence related to a given 
model’s propensities to stability, alliance 
formation, or incidences of war would have 
to be statistical. This would require careful 
*xperimental design, e.g., in determining the 
number of plays required to test an hy- 
pothesis. Information would be most 
economized if the playing-out of the several 
models under study were designed together 
so as to remove accidental variation in the 
assumptions not under test. This seems to 
entail a large enterprise, and so the authors 
look for discursive analysis and criticism of 
their scheme and methodology, before em- 
barking on model-testing plays of the game. 

They also recognize how limited in scope, 
nature, and bearing on the real world must 
be any information derived from competitive 
gaming. If, for example, games in which no 
style of play was required, and in which the 
players early divided into two equal sides, 
turned out to be less stable than those in 
which there had been three or more coali- 
tions of comparable size, this would not 
show that in the real world bi-polar systems 
are necessarily the less stable—it would 
merely leave the old ‘mathematical’ claims 
on behalf of the “balance of power’’ still 
unrefuted. Similarly, a successful stabiliza- 
tion by competitors instructed to adopt a 
legitimist style of play would be at best 
suggestive about legitimism, i.e., that it 
was an almost Darwinian adaptation in 
eighteenth and nineteenth century Europe. 
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| 
As is so often the case, refutations of hy.’ use in 
potheses about the model (results, e.g., that each 0 
showed -no correlation with numbers gf interna 
nations in a system, or with styles of play) A com 
might be more informative, since they would stochas 
at least rule out old beliefs about the tional i 
“balance of power.” We wish to make j: be intr 
very clear that our gaming devices am a fronti 
meant to aid the theorist in the under. could i 
understanding of his own models, and not graphic 
to serve as interpretations of the real world, ments 
Our competitive games are not aids for the costly : 
teaching of international politics. Such g relation 
claim can be and is made on behalf of’more ¢ 
simulation games, especially those which formati 
involve a large number of qualitative tion—r 
disparate elements which the role-player also res 
must bring into play. The rules of our game, less, an 
by contrast, are designed to reduce qualita. could — 
tive variety. Further, the experimental banking 
playing of it is better conducted by persons like tha 
who do not think of it as in any way analo- 
gous to international politics. It ‘may well be 
desirable to recast the terminology of the 
rules so as to eliminate misleading com- by Arth 
arisons. : 
“ On the other hand, there are certain (Brief de 
small-group situations, not necessarily con-| The 
nected with international affairs, which our! pieces ( 
game and several other competitive games| of resot 
may help to illuminate. The formation of|reservec 
‘alliances’ in our game is an instance of! frontie: 
the making of a compact or bargain ‘sources 
strengthened by reciprocal guarantees, while sources, 
the allocation of forces against another frontier. 
player represents a threat, with supporting proport: 
commitment. It may be a matter of psycho that m: 
logical interest, and suggestive for bat- pound. 
gaining theory, to see whether offers of Playe 
alliances, for example, are made by the}. pass 
weaker or the stronger parties, and what ebetape 
rationale is most often provided to account.) ’ 
; : . With fo 
for the choice. Well-kept records of experi- 
mental games may be informative along opposed 


those lines. at a ral 
ployed ¢ 


POSSIBLE EXTENSIONS OF THE GAME deployec 


Many additional features can supplement*egular 
our game so as to extend its usefulness to warfare, 
the explicating of theories about interna-'8 finish 
tional systems more highly developed thantaken si 
those so far discussed. Each player couldeach cor 
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hat we in fact a group of persons related to 
that each other according to some model of an 
gf internal political system, democratic or not. 
lay) A competitive business game could replace 
yulg stochastic determination of the rate of na- 
the tional income. Geographic constraints could 
e jt: be introduced instead of each player having 
are a frontier with every other player; the game 
der. could involve a map with arbitrary or geo- 
not graphically appropriate frontiers. Move- 
rid, ments of forces and resources could be 
the costly according to distance, etc. The inter- 
h q relation of weapon-systems could be much 
f gf/more complicated. Complete or perfect in- 
hich formation is not an unavoidable assump- 
tive tion—reserved and deployed forces, and 
uyer also resources, could be concealed more or 
me, less, and communication with other players 
lita. could be kept secret. An international 
ntal banking system might be set up. An effect 
sons like that of the qualitative arms race could 
alo- 
ll be 
the 
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be produced by alterations in military capa- 
bility, such as those suggested in rules 5 
through 10 of the game outlined in the 
Appendix. Eventually, all processes could be 
automated so that the constriction of dis- 
crete ‘moves’ and ‘rounds’ would give way 
to continuous playing, which would intro- 
duce something like the urgency and strain 
of political affairs. 

We may now append a specimen set of 
rules, the first four of which could appropri- 
ately link with our discursive model of the 
“balance of power” described above. It 
must again be insisted that terms like “‘bal- 
ance of power,” ‘forces,’ ‘resources,’ ‘war,’ 
and ‘spoils of victory’ are not meant seriously 
to refer to the real world, but to suggest to 
the reader possible theoretical uses, in con- 
junction with other models, for games such 
as this one. 


APPENDIX 


wate by Arthur Lee Burns, with the collaboration of Richard E. Quandt and Morton A. Kaplan 


tain (Brief description of the game 


con-| The players are Nations competing for 
Our nieces (chips or dice). Pieces represent units 
imes|of resources; or they can be set aside as 
nN Oflreserved forces which, when ‘deployed’ on 
e Of frontiers’ against other Nations, become 
gain ‘sources of fire-power.’ Undeployed _ re- 
vhile sources, i.e., those neither deployed on 
ther frontiers nor in the reserve of forces, earn 
‘ting proportionate income, but in proportions 
cho- that may vary by chance from round to 
at round. 


. : Players take turns to move. A move can 
ye passed; or it can be used to deploy, re- 
wnat . 


serve, or withdraw forces, or to ‘make war’ 
oun with forces already deployed. If at war, 
lou opposed pieces on a given frontier exchange 

at a rate determined by throwing the de- 

ployed dice and do so until one side’s pieces 
ME deployed on that frontier are eliminated. The 
nent*egular sequence of moves is suspended by 
ss toWarfare, until the initial conflict or battle 
smna-'8 finished, the victor in that battle has 
thantaken some pieces from the defeated, and 
souldeach contestant has had the opportunity to 


re-deploy and to make war. Players know 
either that the game will be played to a 
finish or after a specific number of rounds it 
will conclude with a payoff which (in either 
case) will depend on the number of pieces 
then possessed. 

‘Alliance’ is supposed to consist in two or 
more Nations’ reciprocal withdrawing of 
forces from a common frontier(s). ‘Pressure’ 
consists in a Nation’s increasing the forces 
it deploys against another. Degree of pres- 
sure is increasingly a matter of predomi- 
nance at specific frontiers because of the 
Lanchester-type exchange-rate in war. 


Object of the game 


The object of the game is to have as 
many pieces as possible at the end of the 
game. If a player finishes with a total of 
pieces, deployed and not deployed, fewer 
than some number decided beforehand by 
the players’, he shall be deemed to have 


* A good and theoretically significant game may 
be obtained by relating the minimum payoff to the 
number of moves played, e.g., a player gets noth- 
ing if he finishes with fewer than the number he 
started with plus one for every two rounds played. 
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scored zero, and such pieces as he has shall 
be put into kitty, which shall then be dis- 
tributed amongst those who have at least 
as many as they started with, in proportion 
(to the nearest whole number) to the totals 
they finish with. The players shall jointly 
determine beforehand the time, or the num- 
ber of rounds by which the game is to finish. 
When more than two are playing, the game 
will be more exciting if it continues for a 
number of rounds greater than the number of 
pieces initially in kitty divided by the num- 
ber of players. The fewer the players, and the 
earlier in each game, the shorter the time 
taken by a round. 

A more ‘realistic’ variant could be ob- 
tained by agreeing to play until ezther all 
but one are eliminated, or a unanimous 
agreement to stop is reached—bribery being 
permitted if it brings about agreement. 
Players could severally pay for their initial 
pieces, and jointly for the initial kitty. 


Rules of the game 


(1) Each player begins with 8 pieces plus 
a number of pieces equal ezther to 7 or to 
twice (the number of players minus 1), 
whichever is the less; and he drops out of 
the game if and when he has no pieces left. 
Kitty may contain any number of pieces; 
but a desirable number would equal the 
total of all the players’ initial pieces, or 
about one and a half times that number if 
there are only two or three players. 

(2) At the conclusion of every move, each 
player receives an income calculated on the 
following basis. For every 8 pieces which, 
throughout the previous round, he has not 
deployed on frontiers, he receives either 0 or 
1 or 2 additional pieces, depending upon the 
throw of a die, i.e., if Two or Four turns up, 
he gets nothing; if Five, Three or One turns 
up he gets one piece for each undeployed 
eight; and if Six turns up, he gets two. 

(3) When the previous player, if any, has 
completed his move, the player whose turn 
it then is must begin by doing only one of 
four things: 

(a) He may pass. 

(b) He may allocate any number of his 
total of pieces in his reserved force to any 
frontier or frontiers, or transfer any number 
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of pieces from one frontier to another, orf pr 
withdraw any number of his pieces into hig in 
reserve from any frontier or frontiers; or sa 
any mixture of allocating, transferring and ot 
withdrawing from reserve to frontier. 

(c) He may transfer pieces from amongst | fe: 
his income-earning resources to his reserved: su 
forces, or vice versa. | ac 

(d) He may make war against any one or ar 
more of the other Nations, as follows. The. hi 
player picks up those of his dice deployed on hi 
the frontier opposite the Nation he wishes. ar 
to attack, and rolls them. The attacked, Ww: 
player similarly rolls his dice deployed op-/ 
posite. Every player now has an opportunity, th 
to make war against any other player in the. to 
course of a battle. Each rolling of dice cor. ot 
responds to a ‘volley.’ For each One thrown ch 
by either player, in any given engagement, we 
the other relinquishes to Kitty one of the, We 


pieces he has rolled. Both players repeat. wi 





this procedure,’ volley after volley, using tic 
the remainder of dice previously rolled with- su 
out adding to them, or subtracting from them col 
except in accord with the rule, until one co 
side’s forces on the disputed frontier are, : 
eliminated. All engagements (battles) be-/ fin 
tween all pairs of contestants must thus be the 
fought to a finish. Immediately any one or 
. side’s forces warfaring on any frontier have his 
been eliminated, ‘vi 
(i) the defeated player may, if he! pa 
wishes, replace them with any number, elu 
of his other deployed or reserved pieces, the 
‘This procedure for war-making is derived from! ) 
Ivan Driggs (1956). It is a simpler procedure than : 
the following, which gives some advantage to at- kit 
tacking first, and some to being the defender, and mc 
which also provides an analogy to capitulation nu 
during battle—the attacker alone rolls his dice, 
removing to kitty one of the defender’s deployed = 
on that frontier for every One’ he [the attacker], in¢ 
manages to throw. Immediately after that, or (4) 1 


after any subsequent volleys, either player has move | 
the option of surrendering to his enemy some or player 

all of his embattled pieces. The number of pieces frontier 
thus surrendered shall be deducted from any 
‘spoils of victory’ owed to the attacker by the de- 27€ dey 
fender at the finish of the attacker’s nert move. from tl 
After the attacker's first ‘surprise’ volley, subse- more th 
quent volleys shall be simultaneous; but, while ing play 
the attacker may remove to kitty one of his Oppo ¢ wt) 
nent’s pieces for each One that he himself throws, rontier 
the defender removes to kitty one of the attacker's) 4€ endi 
pieces for each One and each Two that he himself (whethe 


throws. ‘warfare 


4 











or provided such are not drawn from his 
his income-earning resources; and under the 
or same restriction he may re-allocate any 
ind other pieces; 

(ii) the victor may claim from the de- 
gst feated player one piece for every piece 
ved | surviving in his victorious force as if in 

accordance with Rule 4 below; or, if 
- orl and only if the vanquished has replaced 
The | his lost forces, the victor may reinforce 
on his own forces on that frontier, using 
hes | any pieces not currently engaged in 
ked| warfare, and 
op-/ (iii) first the defeated player, and 
rity! then he shall have the choice of whether 
the: to renew the war. If either does so, all 
oor: | other players will again write out a 
wh chosen strategy, i.e., passing or making 
ent, war. Turns in rolling pieces in any new 
the, wars that may thus ensue shall comply 
eat with the procedure previously men- 
sing tioned in this rule, provided that all 
ith- such turns shall be taken only after the 
hem completion of a round of turns by any 
one couples already engaged in war. 
are, Since all battles must be fought to a 
be-? finish, warfare can end only by either 
s be the elimination of one or more players, 
one or the vanquished player’s not replacing 
lave his eliminated forces. The collection of 

‘victor’s spoils’ (see sec. ii, previous 
* he para.) formally completes such a con- 
aber. clusion of war. The original attacker 
ces, then draws his ‘income’ for that round 


in accordance with Rule 2 above. 


pa Receipt of income continues until 
oat. kitty has been exhausted. This is the 
, and more likely to occur the greater the 
pom number of moves played. Immediately 
ace, 


ial warfare has replenished kitty, receipt of 
cker|,  1come resumes. 

t, or (4) Immediately before completing his 
r has move by drawing his income (if any), a 
ne O player who has pieces deployed along a 
ees frontier on the other side of which no pieces 
e de. are deployed may, if he so wishes, claim 
nove. from the player thus not defending, not 
ubse- more than one piece for each piece the claim- 
while ing player has been deploying on the relevant 
PP, frontier since immediately before the non- 
-ker's defending player’s last previous move 
mself, (whether in an ordinary round or in a special 

‘warfare’ move). But 


4 
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(a) if some third player (or further 
players) has had pieces deployed on another 
frontier not defended by the above-men- 
tioned non-defending player since immedi- 
ately before that non-defending player’s last 
previous move as above, and if the total of 
pieces deployed on frontiers not defended by 
the said non-defending player exceeds the 
total of his deployed and undeployed pieces, 
each player thus eligible to claim pieces 
shall claim no more than a number equal 
to the total of the non-defending player’s 
pieces multiplied by the pieces deployed by 
the given claimant on the relevant frontier, 
divided by the total of pieces deployed on 
frontiers not defended by the non-defending 
player. (This rule thus allows a Nation 
having forces on another frontier also not 
defended by the non-defending Nation to 
help the latter by not claiming for the forces 
he had previously deployed, thereby re- 
ducing the proportion that others can claim); 

(b) all pieces handed over by the non- 
defending player shall in the first instance 
be drawn from his reserved forces and, if 
and when those are exhausted, one piece at 
a time from successive frontiers in an order 
the reverse of the ordinary order of play, 
provided that at least one of his pieces shall 
be left on each frontier for so long as an al- 
ternative claimed piece can be drawn from 
a frontier upon which he has more than one 
piece deployed; and no new claim against a 
non-defending player (thus created as a 
result of denuding a frontier by collection 
of claimed pieces) can be exacted until the 
next round—that is, until the conclusion of 
that next move of the new claimant’s which 
is due at some time after the player whose 
claim initiated the collection has completed 
(see Rule 2) that move of which the said 
collection was the penultimate step; 

(c) immediately after a non-defending 
player has satisfied all claims owed by him 
under this Rule 4, he may re-deploy any of 
his remaining pieces in any of the regular 
ways; and no such re-deployment. shall 
count as an ordinary move or a move in a 
‘warfare’ round of moves. 

Pieces claimed and collected under Rule 4, 
or under Rule 3, Section 2, must be allocated 
to income-earning resources, but shall not 
begin to be counted towards the income- 





250 


earning groups of 8 pieces (see Rule 2) until 
after the collecting player’s very next draw- 
ing of income due to him. The procedure 
under Rule 4 is intended as an analogue to 
‘spoils of victory’ and the consequences of 
inferiority of numbers. We say that ‘not 
more than’ certain amounts of spoil may be 
collected, in order to allow victorious or 
predominant Nations to choose, e.g., be- 
tween strategies of exacting indemnity from 
the defeated, and strategies of sparing him 
in order to “counter balance” other forces 
that might otherwise sweep the board. Rule 
4 also allows an impoverished player some- 
thing of ‘the strategies of weakness’: by 
facing a possible aggressor with the likeli- 
hood that some third or other player will be 
the beneficiary of an act of aggression, he 
can continue to have some effect. This com- 


9) 


pletes the rules for ‘“Balance of Power! 


Rules to extend the game 


The game can be extended to reproduce 
some of the features of international politics 
supposed to accompany the introduction of 
nuclear weapons and of inter-continental 
delivery-systems by addition of the fol- 
lowing rules. 

(5) Any player who has in reserve at least 
2 income-earning groups of 8 pieces may set 
aside, in addition, pieces to make up a ‘re- 
search and development investment.’ Pieces 
reserved for this purpose do not earn income. 
When this reserve has amounted to 6 pieces 
for one complete round, it gives the player 
a right to throw a die, once per move im- 
mediately after either passing, or trans- 
ferring pieces, or completing the operations 
consequent upon making war (see Rule 3, 
especially para. c). As soon as he throws 
Six by this means, he may disperse his re- 
search and development investment and con- 
vert his ‘conventional’ forces on any given 
frontier into ‘nuclear’ forces by placing one 
piece (which must be drawn from his re- 
served forces) behind his forces deployed 
on that frontier. This piece cannot be rolled 
with the others in any warfare for so long 
as it is functioning as the ‘nuclearizer,’ 
though if isolated it can, as a ‘conventional’ 
unit, defend a frontier alone; nor can it 
earn income or contribute to ‘research and 
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development.’ Its effect is to increase thd 
destructive and _ self-defensive capabilities 
of the other forces on that frontier when war 
is on, as follows: 

(a) during any war on that frontier, 
whether or not initiated by the ‘nuclear’ 
Nation, every One thrown by the nuclear 
Nation against the enemy’s forces eliminates 
a number of them equal to the whole number 
nearest the square root of the pieces de. 
ployed by the enemy on that frontier; or, 
if occurring amongst a group (it may be the 
whole or any part of the pieces deployed 
by the nuclear Nation on the relevant fron. 
tier) expressly set aside as ‘counter-resource 
weapons,’ every One thrown eliminates 
automatically up to 8 pieces of the enemy’s 
income-earning pieces. At the conclusion of 
every volley in which both sides have en- 
gaged, all the nuclear Nation’s pieces de- 
ployed on that frontier shall be regarded, 
for purposes of elimination if any, as a 
single group; and before every volley any 
nuclear Nation entitled to ‘fire’ shall have 
the right to redivide the remainder into a 
counter-force and a counter-resource part. 
Each nuclear Nation shall be entitled to? 
make this division and that mentioned under! 
Rule 5 (d) below, secretly. But as soon as a fect’ 
he and his enemy (if also a nuclear Nation) = sacri 
have made their decisions, the firing shall sneha 
become public. (In view of the general role “ar 
of reserved forces in this game, they should 
be regarded as invulnerable to nuclear at ‘nes 
tack.) afd MV 2 {that th 

(b) Any nuclear Nation initiating an : 
attack shall have the right to count his sa . 
first volley as a ‘surprise attack,’ i.e., hi oa 
opponent shall not throw his dice in reply prage 
to it, but shall suffer any losses to his forces * fide 
or resources, as under Rulesda. pati 

(c) Any nuclear Nation when firing, at” (6) A 
any stage in a war, a volley which is nota ap 
surprise attack, shall have his defenses Otis 
alerted, i.e., no matter how many Ones his 8 oaks 
opponent throws, any One, Three, or Five — 
which he throws shall be safe from elimina ie 
tion during that volley; and any Six Which. oa 
he throws in that volley shall cancel any One Six sag 


forces’ | 


Le., th 
pieces 
‘save’ 
(d) 
Natio 
by his 
may | 
agains 
on GN: 
dividir 
volley 
agains 
An ene 
frontie 
volleys 
(e) 
propri: 
and co 
step, a 
comple 
thereat 
shall r 
pieces 
earning 
tion,’ a 
the oris 
and (c) 
It sk 


— 





progran 


which opponent (if also a nuclear Nation} 

throws in the ‘counter-resource’ part of hit , 

forces (if any) deployed on that frontier, ‘nuclear 
¢ , if he dec 





ie., throwing a Six with any of one’s nuclear 
pieces deployed on a frontier may go to 
‘save’ an income-earning unit of 8 pieces. 
(d) If after one or more volleys, a nuclear 
Nation has eliminated all the forces deployed 
by his enemy on their common frontier, he 
may elect to turn his counter-force fire 
against forces deployed by that same enemy 
ber on cny other frontier or frontiers—secretly 
de. dividing his counter-force pieces before each 
volley into ‘missions’ severally directed 
against specified frontier-forces of his enemy. 
An enemy thus engaged may reply from such 
frontiers to the first as well as to other 





Ir ; 
a volleys. 
ates) (e) As soon as one Nation with the ap- 


propriate investment has thrown his Six 
and completed the move in which that was a 
step, any other player who, throughout one 
de-} complete round, has been reserving, or 
ed thereafter throughout one complete round 
| shall reserve 6 ‘research and development’ 
pieces in addition to one set of 8 income- 
earning pieces may become a ‘nuclear Na- 
tion,’ and enjoy the same privileges as does 
7m the original discoverer under Rule 5 (a), (b), 
and (c) above. ; 





a It should be noticed that the ‘deterrent 
ion) effect’? supposed to be exercised by nuclear 





| weapons is represented by the possibility of 
shall a nuclear Nation’s devoting his deployed 
rol forces to a counter-resource strategy, thus 
ould maximizing the chances of wiping out his 
' at opponent’s reserves. It seems reasonable 
{that the Nation should be allowed te keep 
. be secret his decision for or against such a 
' his strategy until the volleys are about to be 
» “, | fired. This permits a ‘low confidence’ strat- 
reply egy, 1.e., his enemies do not know but what 
ore’ he might, if desperate, set off mutual de- 
.struction. 
g, al (6) Any ‘nuclear’ Nation whatsoever that’ 
ee * has at the same time at least two groups of 
-_ 8 pieces earning income may, by reserving 
- 8 additional pieces (representing a missile 
program) for one complete round, throw a 


ina. : ; 

mim die as for the introduction of ‘nuclear 

which. ‘ es a 
weapons’ (see Rule 5), and upon throwing a 

- 1Six acquire ‘intercontinental nuclear 

ition} 


f hi forces’ by grouping them in front of one 
o' | ‘uclearizing’ piece (see above, Rule 5), and 


nitier; . : 
‘if he decides to launch an attack may do so 
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by allocating them various missions against 
any targets anywhere in the game. All first 
volleys are surprise attacks (except against 
other intercontinental nuclear forces—see 
below). The usual nuclear privileges of 
secrecy apply. So do the rules of scoring nu- 
clear destruction, except in the following 
single case: all warfare between intercon- 
tinental nuclear forces reverts to the pro- 
cedure of simultaneous volleys in which a 
turn-up of One eliminates one opponent 
(this since we shall assume that missiles 
are quick-firing solid-fuel jobs and that 
missile-launching sites are adequately dis- 
persed). Once at least one nuclear Nation 
has become an ‘intercontinental Nation,’ 
other nuclear Nations can follow suit by 
the same procedure as used for becoming an 
nt*-country nuclear Nation, except that 8 
non-income-earning pieces must be reserved 
instead of 6. 

(7) If any intercontinental nuclear Nation 
wishes to, it may deploy on particular 
frontiers short-range nuclear forces or con- 
ventional forces, but those and all other 
forces at the beginning of any move must be 
either left as they are, or re-allocated, or 
used as they are to make war. 

(8) Even though all its income-earning 
resources have been eliminated, any Nation 
can make war if it wishes to with any de- 
ployed forces it disposes of. 

(9) Talking during the game and the 
making of agreements are permitted, but 
there is no rule of the game binding any 
player to observe an agreement he has made. 

(10) Notwithstanding anything in the 
foregoing rules, the players at the beginning 
of a game may agree to the following re- 
strictions upon deployment: 

(a) Forces may be deployed on frontiers 
only if drawn either from forces already 
deployed or from pieces designated as 
‘intercontinental nuclear forces’ or from 
a general reserve to the extent that has 
been maintained for at least one ordinary 
round. No pieces may be designated 
‘inter-continental nuclear forces’ unless 
drawn from the general reserve. 

(b) The general reserve may be re- 
plenished only in the course of an ordinary 
move, except that in the course of a move 
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made possible by some other player’s 
declaration of war against a third player, 
the general reserve but not the deployed 
forces may be replenished on a one-for-one 
basis from forces deployed on other fron- 
tiers, or on a one-for-two basis from 
pieces kept for income-earning purposes 
(every surplus income-earning piece, thus 
used to buy the right of replenishing the 
reserve with a piece, shall be surrendered to 
kitty.) 

(ec) No piece, either while in the general 
reserve or for one round thereafter, can 
help to earn income. 

(d) Pieces in the general reserve are 
© the last of a player’s pieces to be claimable 
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It was a happy circumstance for the beginning of astronomy that 
s time, the observations of Mars were not too exact. If 


in Kepler’s 


. . ) 
as spoils of victory, unless he elects to 


surrender them earlier, in which case each 
piece in the general reserve is equal in 
value to any income-earning piece. 


(e) Pieces in the general reserve may be |’ 





attacked by any nuclear or intercon- 
tinental nuclear power in accordance with ; 
Rules 5(d) and 6, exactly as though — 
were pieces deployed on frontiers. 
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they had been, Kepler would not have discovered that the curve 
described by the planet was an ellipse and he would have failed to 
discover the law of planetary motions. It was also fortunate that 
he chose to study the motion of Mars rather than the motion of 
the Moon, whose perturbations are much greater. 

What was then due to good chance the method of successive 
approximations ought to do now. There are always those who com-. 
plain that the scientific theories of economics or of sociology neglect 
certain details. That is their merit. We are first to get a general 
idea of a phenomenon, neglecting the details, considering them as 
perturbations; then to take in those details, first the more im- 
portant and successively the less important. 
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ch 
in) CRITIQUE AND COMMENT 
bh | The success of game theory in providing rigorous normative solutions to 
th; decision-making problems does not hide the fact that some realism has been 
| ~ sacrificed in the process. Proposed here is an interesting idea that an auxiliary 
concept—a common sense notion of commitment—can be used to bridge the 
gap between the normative formulation and typical behavioral processes in 
decision making. Perhaps several such concepts can be identified in the hope 
e8- that a realistic and rounded framework for decision making can be developed 
"7 without discarding the rigor and power of theoretical results already achieved. 
H For other treatments of game theory in behavioral science, the reader is re- 
— ferred to the January, 1959 issue of Behavioral Science for an article by 
Anatol Rapoport entitled “Critiques of Game Theory,” and to an article by 
T. C. Schelling named “Bargaining, Communication, and Limited War” in 
the Journal of Conflict Resolution (March, 1957). 
‘COMMITMENT 
by Thornton B. Roby 
Tufts University 
, ITHOUT doubt, the Theory of Games along with the Theory of Games, into a 


has greatly stimulated and, on 
balance, accelerated the empirical study of 
human decision-making. This remarkable 
conceptual structure points the way toward 
formulating problems that previously ap- 
peared intractable. It has provided a pre- 
cise language for describing phenomena of 
the decision-making process, and it has 
(given rigorous normative solutions of de- 
cision problems against which actual be- 
havior can be evaluated. 
| At the same time, Game Theory was not 
intended as a descriptive paradigm (except 
perhaps for large scale economic processes) 
and it does not adequately fill that purpose. 
Its success as a normative theory inevitably 
demands some sacrifice of behavioral 
realism. It is not our objective, however, to 
use the Theory of Games as a whipping 
boy. Rather, we hope to show that, if specific 
discrepancies between Game Theory as- 
‘sumptions and real life observations can be 
\pinpointed, it may be possible to define 
jauxiliary concepts that will bridge the gap. 
\If these concepts are formulated with suffi- 
icient care, they may later be integrated, 





unified framework for decision-making be- 
havior. At least in principle, this seems a 
highly desirable goal as against resignation 
to a normative, rational Game Theory on 
the one hand, and a distinct behavioral 
theory on the other. 

One of the most daring and successful 
simplifying assumptions of Game Theory 
consists in the reduction of a decision-making 
problem to normalized form. The logic and 
procedure for this are fully described in 
various standard references (ef. Luce & 
Raiffa, 1954). Briefly, it consists in the 
assumption that all possible moves of, say, 
nature can be spelled out in advance as a 
set of “strategies.” Then the decision- 
maker’s problem is to select a sequence of 
countermoves, or a set of such sequences, 
that is good (in a technical sense) against 
the opponent’s set. 

This formulation is patently at variance 
with the typical behavioral process (except 
in a rather Pickwickian sense mentioned 
below). Most decisions that concern any 
issue of consequence are made a little bit at 
a time, sometimes, in fact, by imperceptible 
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degrees. The entire set of moves that nature 
may take is seldom fully explicated. Most 
important, perhaps, the decision is rarely 
made under a fixed degree of “risk” (ef. 
Luce & Raiffa, 1954) or under “un- 
certainty,” but tends to occur within a 
sequence of increasing environmental 
certainty. 

It will here be suggested that the common 
sense notion of commitment may be very 
useful for filling this particular gap between 
the normative and the behavioral aspects 
of decision-making. In its various usages, 
the term ‘‘commitment”’ refers respectively 
to the gravity of an overall decision; to the 
proportion of a total decision that has been 
made at any one time; and to the quali- 
tative content of a decision—to the course 
of action one is “committed to.’’ These 
ideas seem to embrace a large measure of 
what is missing in the Game Theory formu- 
lation of the decision-making process. 

The present paper attempts to explore 
the meaning of the term ‘commitment” 
and to consider various possibilities for exact 
measurement. From the remark on different 
usages in the preceding paragraph, it is 
already evident that no single index will 
fully capture the meaning of this concept. 
However, we should be resigned to this out- 
come for any attempt to formalize a market 
place idea. What can be done, we believe, 
is to systematize the basis for various mean- 
ings and to indicate the range of their 
applicability. The final choice of an index, 
if such a choice seems desirable, may then 
be based upon external considerations. In 
particular, it will almost certainly depend 
upon the purposes to which we might wish 
to put an index of commitment. 


OBSERVATIONS ON A DECISION-MAKING 
PROBLEM 


To introduce some of the issues we feel 
are critical, we shall first pose a decision- 
making problem similar to one treated in 
the Game Theory literature (e.g., in Black- 
well and Girshick, 1954). From this  situ- 
ation we attempt to draw certain morals 
that will become the basis for more ex- 
tended discussion in a later section. 

A man is engaged in a pistol duel, in 


which the adversaries march 10 paces from{ quence 
a center line, turn, and advance toward; } (n? 
each other. Kach man has two bullets and _ possib 
he may fire one round at any of his 10) greate 
forward steps. There are, accordingly, C}’  respot 
response sequences in which both bullets! decisic 
are fired; Cl’ in which only one bullet jg} than | 
fired; and (4° sequences in which no bullet! step u 
is fired. In all, there are } (n? + n + 2) dis.) of the 
tinct response sequences from which to formal 
choose. both r 
1. First, we observe that, while this can 3. 7 
be treated as a typical game theory problem cisions 
in normalized form, this approach is both! It is 
sterile and unrealistic for psychological) phrase 
analysis.'. From either the phenomeno-. “when 
logical or behavioral standpoints, the most) line wi 
interesting part of decision-making usually treat 1 
takes place on the spot. We could of course) of ‘“w 
say that the state of the individual’s syn-} thing, 
apses at the outset of the trial sequence be for 
constituted a grand strategy, since it pre- point.2 
disposes him to a particular counter for any psycho 
environmental input. This perfectly de- valid f 
fensible position would, however, be the 4. V 
final resting place for our present venture, very li 
We find it more fruitful to treat a normal This il 
ized strategy as the conjunction of a se-, which 
quence of segmented strategies. | that ta 
This does not mean, however, that we} commit 
should simply break up the over-all de; Basa 
cision into a series of “little decisions’’ and! decisio: 
attempt to deal with these in isolation. The, toward 
present position would be that segmental fully e 
decisions are always made in context. Am he may 
over-microscopic treatment of these seg: Relatec 
ments may be as unrewarding as the global mitme: 
approach. Moreover, it may be very diffid environ 
cult in any real situation to determine the constar 
occurrence of little decisions. As anyone whe the loc 
has acquired a house, of a car, or a wif some c: 
knows, the overt manifestations of decision- and js 
making may be little more than epiphe comes 
nomena—and anticlimactic ones at that. enough. 
2. In the present example, there are tel 5. fy; 
potential decision points. If the duelist degjgioy 
decides not to fire at the first step, then t 
number of a priori possible response se 
| *Of ¢ 
1A parallel would be an attempt to analy# not hay 


Hamlet as a peculiarly happy choice among a larg observe 

number of possible word sequences of approxil he had t 

mately equal length. might de 
| 


several 
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om{ quences is reduced from 3 (n? + n + 2) to 
urd| 4 (n? — n + 2); if he fires, there are only n 
ind possible response sequences remaining. The 
10 greater reduction in the latter case cor- 
c responds to our intuitive feeling that the 
ets. decision to fire entails a greater commitment 
is: than holding fire. The same is true for each 
llet| step until the penultimate one. This in spite 
jis-. of the fact that the choice involved is 
to formally a binary choice at each step (unless 
both rounds have been fired). 
can 3. This extreme ‘‘lopsidedness”’ of de- 
lem | cisions is in fact typical of many situations. 
oth’ It is tempting under these conditions to 
ical} phrase the decision-making problem as 
no- “when shall the first round be fired?’’ In 
10st. line with earlier remarks, however, we shall 
ally treat the problem as involving a sequence 
Use of “whether” decision segments. For one 
syn- 4 thing, this is the only way the problem can 
nce be formulated from a behavioristic stand- 
pre- point.? Moreover, we assert that this is the 
any psychologically (i.e., _phenomenologically) 
de- valid form. 
the 4. While the decision not to fire entails 
‘ure, very little commitment, it does entail some. 
mab? This inescapable minimum of commitment, 
, se- which characterizes any decision process 
that takes time, will be referred to as “basal 
we commitment.” 
de-- Basal commitment is one aspect of a 
and! decision-making task that creates a pressure 
The| toward commitment. That is, if one is to be 
“a fully committed at some time in any case, 
. At he may as well make a congenial choice. 
seg- Related to this is the fact that early com- 
lobal mitment per se often seems advantageous, 
diff; environmental circumstances being held 
> the constant. Both of these can be illustrated by 
whe the local politician who is identified with 
wife, some candidate even if he sits on his hands 
ision- and is in a position to request plums if he 
iphe- comes out for the right candidate soon 
it. | enough. 
e tel 5. Finally, we observe that the illustrative 
uelist deeision- making problem is unusual in 


n th several respects. For one thing, it seems like 





| Of course in the present situation we might 
nalya not have 10 meaningful decision segments to 
a lar® observe. The duelist might fire both rounds before 
prom he had traversed the ten paces or his adversary 


might decide, correctly, to fire earlier. 
{ 
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such an all engrossing episode in the life of 
our duelist that we are apt to forget that 
extra-duel considerations may influence his 
behavior. For most decision-making tasks, 
we canot afford thus to exclude the outside 
world. A related special feature of this task 
is that it has a clearly marked beginning and 
end. We merely note that no treatment of 
behavior sequences will be thoroughly ade- 
quate if it depends too much on this arti- 
ficial property. 


COMMITMENT AS RESPONSE 
STRUCTURING 


A natural and convenient index of the 
degree of commitment in a decision segment 
is the amount of information it carries about 
the final response choice. This becomes 
especially true if responses are considered 
in sequence as we have insisted they should 
be. In order to attach information to re- 
sponse sequences, however, it is necessary 
to assign initial probabilities on some 
grounds. Several possible grounds are 
examined below, but it is suggested that any 
probability assignment must be specifically 
tailored to the individual choice situation. 

By all odds the simplest way of assigning 
probabilities to responses—if we can get 
away with it—is the device, used implicitly 
above, of considering all response sequences 
equally probable. The difficulties attending 
this approach are, of course, exactly those 
that have plagued the Principle of Insuffi- 
cient Reason (cf. Luce & Raiffa, 1954). It 
would be the present writer’s contention 
that the crucial difficulty lies not in de- 
termining whether there are any relevant 
bases for choice among alternatives but in 
fixing the field of alternatives.* That is, if 
we could agree that a decision-maker can 
have no reason for preferring alternative 
A to alternative B, then we can assign each 
a probability of !9 If an inconsequential 
variant of A can be found, however, then 
this variant, say A’, should be just as prob- 
able as A or B. This means that the prob- 
ability of A is effectively raised to 23, and 
so forth. 

Cf. the discussion of the paper presented by 


Braithwaite and Ayer in Observation and inter- 
pretation, edited by S. Korner (1957). 
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There are, of course, decision-making 
tasks in which the response alternatives are 
so clearly distinguished that no such sub- 
division is possible. This is comparable to 
our implicit use of the Principle of Insuffi- 
cient Reason in assigning probabilities to 
heads or tails in a coin flip (the probabilities 
are not of course equal but our ignorance is 
entirely impartial and symmetric). 

We shall take the position that where the 
response alternatives are in fact irreducible 
and are not essentially different, it may be 
quite appropriate to assume a priori uniform 
probability. Any departure from this (e.g., 
a known right-turn bias in a T-maze) can 
then be thought of as itself a sort of back- 
ground commitment. The aspect of com- 
mitment that we are interested in, generally, 
will be the incremental commitment over 
and above this background. 

We see immediately that this background 
commitment must be taken into account in 
any measurement situation. Although we 
took the duel more or less for granted in the 
previous section, we must recognize that 
anyone who finds himself back-to-back with 
an expert marksman on a cold November 
morning is already rather heavily com- 
mitted. While we are not prepared to esti- 
mate the degree of commitment entailed by 
engaging in a duel, it seems quite possible 
that the principle of Indifference or Insuffi- 
cient Reason provides a basis for such a 
measurement in less exotic decision prob- 
lems. 

The second broad approach to assigning 
probabilities to responses would be based on 
empirical observation either of the indi- 
vidual or of some sample of equivalent 
individuals. The necessary conditions for 
such observed probabilities to be valid are: 
first, that the situational context is repre- 
sentative; and, second, that the behavior is 
stationary, not undergoing systematic 
changes. If these conditions are fulfilled, 
there seem to be no other particularly acute 
problems in using empirical probabilities. 

The third possible approach to the prob- 
ability assignment problem is both the most 
interesting and the most precarious. This 
would be an approach that was based on 
the “payoff” values. of various response 
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TABLE 1 
Ei Ez Ea /* 
Ri 6 4 3 
Rz 4 5 2 
R; 3 5 6 





——_—_—. 


alternatives. That is, we assume that, in 
some sense, a response sequence is probable 
to the degree that it leads to a high expee- 
tation of payoff under relevant environ- 
mental conditions. 


Payoff values and probability 


Various procedures for establishing an 
equivalence between payoff values and 
probability will be most readily discussed 
in connection with the hypothetical example 
of Table 1. This payoff matrix is in the 
customary form used in Game Theory, with 
minor changes in labeling. It is understood 
that the entire contents of the matrix are 
fully known to S. 

The response probabilities might be based 
on the maximin solution or one of its variants 


suggested by Savage, Hurwicz, and others > 


(cf. Milnor in Thrall, Coombs, & Davis, 
1954). That is, the probabilities would be 
just the probabilities for a mixed strategy 
which would satisfy one of these criteria. 
All of these criteria appear to be so special, 
however, that they are unconvincing as a 
basis for an empirical paradigm. This weak- 


ness is further aggravated by the fact that! 


none of them is completely satisfactory even 
on a priori grounds. 

Less sophisticated, though perhaps more 
realistic psychologically, would be to assume 
a sort of “event matching” on the part of 
the decision-maker. Thus ,we would set the 


probability of each response sequence pro-; 


portional to the sum of probabilities of all 
E-states for which it is the optimal sequence. 
Our chief objections to this, as it happens, 
do not include the obvious point that prob- 
ability matching is irrational. 


One objection is linked specifically to our’, 


intention to use response probability as a 
basis for measuring commitment. It is 
apparent that the probability matching 
basis must bring in the Ss information or 
belief (or ignorance) concerning the prob- 
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abilities of various E-states. Briefly ‘(the 
point will be discussed later), we feel ‘that 
this confuses response commitment with 
risk-taking. 

A second objection is more technical. If a 
certain response sequence was only second 
best for all H-states, it would be accorded 0 
probability. by this approach. This seems 
distinctly counter-intuitive since such a 
response might well be the indicated one 
under any major departure from perfect 
information. 

The procedure here advocated avoids both 
of these objections at some expense in 
computation. We consider the space of all 
“probability mixtures” of E-states, that is, 
all terms of the form P(E), P(E2), P(Bs). . . 
where each P(E,) > 0,2) P(E;) = 1. This 
space corresponds to the totality of beliefs 
that S might hold about the relative prob- 
abilities of the various E-states. For each 
point in the space, there is an expected payoff 
value for each response based on the relative 
probabilities of all H-states at that point. 
It is then assumed that S selects each re- 
sponse with a probability corresponding to 
the proportion of the area in this ‘mixture 
space” for which the response is optimal. 
For the three responses in Table 1, the 
pseudo-probabilities are respectively 36.9%, 
2.4%, 60.7%. The computational proce- 
dure is described in Appendix A. 

We should not claim that this procedure 


of evaluation over a probability mixture 


space corresponds to any actual psycho- 
logical process. It does, however, provide a 
completely unequivocal a priori measure 
that is perhaps not far removed from what 
Ss go through in a less formal way. More- 
over, the measure is not susceptible to dis- 
tortion by arbitrary reshuffling of the re- 
sponse or E-state categories (assuming that 
payoff values are reasonably well-behaved 
functional values of these antecedents). 

Given a suitable measure of the prob- 
ability, prior to commitment, of a set of 


response sequences, there is a simple trans-, 
* lation of any commitment into informational 


terms. If S is the set of initially relevant 
responses, then the “entropy” of the set is 
— > P(R;) log P(R,), where >> P(R,) = 


ieS 
1 by assumption. Choice of some subset, 7’, 
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of S reduces the entropy to — >, P’(R,) log 
weT 


P’(R,), where P’ is the new probability 
within the set T (presumably, P’(R;) = 
P(R:)/X, P(R) ). Hf a single response 


sequence is selected, then the latter entropy 
is zero and the commitment is equivalent 
to the total initial uncertainty. The actual 
computations will not be illustrated as they 
are readily available elsewhere (cf. Attneave, 
1959). 

This way of measuring commitment has 
several points in its favor. Where it is applic- 
able—and this seems to be the case when- 
ever probabilities can be defined—it pro- 
vides a uniform index of commitment in 
standard units so that comparison is possible 
among various decision-making situations. 
In addition to this, the informational 
measure lends itself to a direct comparison 
of response commitment and the available 
environmental information on which that 
commitment is based. This comparison ap- 
pears to be highly relevant to the topic of 
risk-taking, discussed at somewhat greater 
length below. 

If we agree that commitment is in some 
way defined by the narrowing down of a set 
of response alternatives, the question arises 
as to how this constriction occurs. From our 
emphasis on sequences of responses, it is 
clear that part of the commitment process 
consists simply in performing certain root 
sequences of responses. Then the subset of 
possible sequences is confined to just those 
that begin with that particular root se- 
quence. Curiously, this happens to cor- 
respond to our use of “commit” as a tran- 
sitive verb (e.g., “commit a crime’”’). This is 
not, however, the most interesting or sig- 
nificant aspect of the concept. In a far more 
intriguing sense, commitment implies a 
projection from the root sequence—a re- 
dundancy of the behavioral ‘‘message.” The 
next section will briefly explore three of the 
sources of such redundancy together with 
some of the more special indices of commit- 
ment suggested by each. 


PROJECTED COMMITMENT 


There are, of course, many circumstances 
which seem to compel particular actions, and 
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any of these can be thought of as a source 
of commitment. There are, for example, 
legal, ethical, social, and rational grounds 
for behavior. We shall not find it necessary 
to examine all of these explicitly since, for 
present purposes, the underlying formula is 
always the same. As stated above, it is 
assumed that commitment invariably con- 
sists in the implication of a root sequence of 
behavior for the total behavioral sequence 
in which it is imbedded. 

There are, however, differences in the 
physical processes that embody these con- 
straints. In the present section, we shall 
consider three such mediating processes: 
interresponse_ restrictions; environmental 
inertia; and, root-sequel interaction effects. 
It cannot be demonstrated that these cate- 
gories are non-overlapping or exhaustive but 
they do seem to permit classification of a 
wide variety of cases. 


Commitment as response restriction 


In this section, we consider the reduction 
in opportunity potential that may come 
about due to the effects of a given response 
on the ability to perform other responses. 
A preliminary analysis is required of the 
response apparatus and of some of the 
constraints on response output. 

We consider the response apparatus of 
any organism to consist of a set of action 
units that can be activated in various combi- 
nations. We shall usually be concerned with 
response sequences by which we shall mean 
a sequence of subsets of action units. More 
precisely, we understand behavioral time to 
be divided up into “epochs” by some tem- 
poral markers. During any epoch, a segment 
of behavior is defined by the activation or 
non-activation of each action unit. A re- 
sponse sequence, finally, is completely de- 
scribed in terms of a succession of such seg- 
ments. 

Response exclusion will refer to the 
tendency for one action unit, or subset of 
action units, to be incompatible with the 
simultaneous activation of other action 
units. This incompatibility may arise from 
psychological, physiological, or strictly 
physical factors. Specific exclusions are 
indicated by listing the subsets of action 
units that can occur during a given epoch. 
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Response preclusion is similarly the 
tendency for response activation during one 
epoch to interfere with activation of specific 
subsets during later epochs. The phenomena 
may be due to any of the causes mentioned 
for exclusion. 

Epoch specificity will refer to the con- 
ditions under which certain action units may 
be ruled out during particular epochs re- 
gardless of other aspects of the response 
segment. It may happen, for example, that 
necessary manipulanda are not always 
present, etc. 

In addition to these ‘hard’ types of 
response constraint, there may be many 
other constraints that are not so easily 
specified in these terms. As an example, it | total t 
might happen that there were no specific | the act 
exclusions within a given task, but rather a |ment © 
general energy limitation that made the }i8 dissi 
performance of response segments containing — 
more than, say, 10 actions very unlikely, 'and ot 
Going further, there may be “brokerage Probab 
costs” attaching to response unit activation 
or deactivation which cannot be readily re- 
duced to any specific relationships among A ge, 
responses. Our general position will be that | we shal 
such costs always imply constraints in a \term tc 
broader context, but we shall avoid the issue jn the 
here by avoiding problems and examples [p this 
that depend on soft costs. remain 

A distinctive aspect of commitment as jespons 
mediated by response constraints is that i’ ofeets 
is not necessarily tied to any particular set sirietly 
of environmental circumstances. That is, if ‘the fol] 
a given root sequence of responses has been aetiyat; 
activated, we are not particularly con- enyiron 
cerned with the objectives of this root se- to jllust 
quence. We are concerned rather with the exampk 
consequences of this response output. Be- which t 
cause of this emphasis, indices based 00,genera] 
response constraint are particularly ap-, (Cons; 
propriate for a “running” measure of com-)They a 
mitment. both m: 

The importance of this stems from ob- and tha 
servation number 5 attached to the initial the san 
example. It was noted that the situation in maze, 1: 
which decision-making can be related to a almost 
single objective and in which the response ™&ze. fi 
sequences are of fixed length are atypical. "Tevers! 
Using the present basis for measuring com- Partially 
mitment, it is not necessary to assume 4 Supp 
specific terminal epoch for the response outcome 
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he | sequence. Instead we can integrate or total 
yne | the reduction in response flexibility for as 
ifie | long as that reduction is discernible. 
.na| To illustrate this application, consider an 
1ed | organism with a response repertoire of three 
| units: a, b, c. Activation of a rules out 6 for 
on- two subsequent units and rules out c for one 
ay | subsequent unit. If there are no other inter- 
re- | response restrictions, then there are, initially, 
nse | eight possible segmental actions—i.e., no 
hat | response or any subset of {a, b, c}. Acti- 
ays | vation of a cuts this down to only a or o in 
the following epoch, a two-bit decrease in 
of jentropy; the decrease in entropy in the 
uny | following epoch is one bit (that is, 0, a, c, or 
sily |@¢ may then be used). We may if we like 
, it |total these entropy decreases and say that 
‘ifie |the activation of a causes a total commit- 
.r a ment of three “epoch-bits” before its effect 
the \is dissipated. This index can readily be ex- 
ing jtended to cover other forms of constraint 
ely, 'and other bases for measuring response 
age probability (here assumed uniform). 


110 " . , 
re. Environmental inertia 


ong A second major sense of commitment that 
hat ‘we shall investigate concerns the use of the 
Nn &.term to refer to irreversible effects induced 
ssu€ in the environment of the decision maker. 
ples In this situation, the response pool may 
remain intact after each response (unlike the 
i a8 yesponse-constraint definition), and the 
it! offects of successive responses may be 
Set strictly additive or superpositional (unlike 
8, it ‘the following sense of commitment), but the 
e€N activation of any response changes the 
con- environment once and for all. We propose 
» S€- to illustrate this situation with a very simple 
the example and then to indicate the way in 
Be- which the basic notions may apply to more 
| on weneral situations. 
ap-, Consider the two ‘mazes’ in Figure 1. 
-om-/They are identical in that each choice in 
both mazes is superficially a binary choice, 
ob- and that retracing is prohibited in both. At 
itial the same time, it is clear that the “tree” 
yn in Maze, la, entails a deeper commitment, from 
to a almost any standpoint, than the ‘‘diamond”’ 
vonse Maze. In a sense, the ‘‘tree” maze is doubly 
ical. reversible while the diamond maze is 
com- Partially reversible along the lateral axis. 
ot Suppose we are concerned only with final 
outcomes—that is, with the last point that 
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Fig. la. Tree Maze. 


Fig. 1b. Diamond Maze. 


is reached—as in most laboratory maze 
problems. Then, clearly, each choice in the 
tree maze cuts the number of potential 
terminal points in half: each choice in the 
diamond maze eliminates only a single 
terminal point. Hence the information in a 
tree maze choice is uniformly one bit, while 
that in a diamond maze choice increases 


k 
from log: |. _-; bits for the first (of #) choices 


to one bit for the final choice. 

In the real life analogs of such mazes, 
however, (cf. Simon, 1957) there is no reason 
for making a distinction between terminal 
points and other points in the maze. There 
may be payoffs at any point, and elimi- 
nation of some subset of points automati- 
cally rules out certain potential payoffs. We 
are concerned not just with a set of terminal 
points but with an ‘opportunity cone”’—a 
set of points that lie within potential access 
of the decision-maker. Looked at in this way, 
the tree maze decisions still carry exactly 
one bit of information for any maze of finite 
length. In the diamond maze; a decision at 
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step j (0 < j < k) eliminates k—j possible 
lattice points out of a possible (‘ Pig ) such 
points. 

In a 5-step diamond maze, for example, 
there are originally 15 possible lattice points 
(including the starting point). The first 
decision entails the selection of a subset of 
10 of these points and discards of four points. 
The second decision selects six lattice points 
and discards three; the third choice selects 
three points and discards two; and, the 
final choice selects one point and discards 
one. Thus the total information carried by 
these choices in the diamond maze is log, 
4§-%-$-7 = 2.8 bits, as opposed to four bits 
in the tree maze. 

To establish the relation between those 
mazes and real life decisions, we think of the 
x-axis as a time line; the y-axis continues to 
represent some environmental dimension. 


Then the diamond maze describes choice . 


situations in which the actions taken are 
reversible from a purely physical standpoint. 
All we lose by an incorrect choice is a certain 
amount of time to enjoy the preferred EF- 
state or to progress to even more desirable 
states. The tree maze, on the other hand, 
represents choices on irreversible environ- 
mental manipulations. Observe that time is 
important in such mazes primarily because 
it prevents us from retracing a path. We are 
reminded of Robert Frost’s lines (1921): 

“Two roads diverged in a yellow wood, 

And sorry I could not travel both 

And be one traveler, long I stood 

And looked down one as far as I could 

To where it bent in the undergrowth;”’ 

It is a small step to carry this general 
scheme to a higher dimensional space, with 
time still occupying a central position. In 
doing this, we recognize that the form of the 
maze—tree, diamond, or some variant 
thereof—will depend upon the environment 
itself but also upon the response repertoire 
of the organism concerned. The notion of an 
“opportunity cone’”’ is still entirely apposite 
for higher dimensional spaces. 

Finally, we observe that all decisions in 
this section have been considered to be 
binary and symmetric. This assumption 
makes the situation easier to discuss but all 





the considerations on response probabilities) hypot 
etc., of earlier sections might apply here. Jy} possib 
particular, the “basal commitment” as de| that : 
fined for the illustrative mazes is a uniform) makin 
function of time for the tree mazes cessive 
increases slowly with time in the diamond The p 
maze.‘ Of course, with symmetric prob) is pres 
abilities, the basal commitment is indistin.| both 





guishable from the over-all commitment. Loo 
only n 
Outcome-mediated commitment to follc 


The third sense of the term commitmen vac 
to be investigated is related to specific re} Jater , 
sponse objectives. It hinges upon the fact! Thus, 
that, in life, a particular root sequence of, a stro! 
responses is rarely good on an_ absolute we ear 
basis. Its value will, in general, depend upon) e9mmi 
both the succeeding events (or events that} pea]-lif 
are manifest at a later time) and the terminal ghooge 
sequence that is employed. Thus, a given| A eve 
root sequence may ‘“‘make sense’’ only if it, pected 
can be followed by a specific terminal sel This 
quence, which is in turn indicated by later related 
environmental conditions. When we say that differs 
we are committed to a certain course of respect 
action, we mean, frequently, that earlie being : 
actions indicate this terminal (or total) and of 
action sequence over a wide range of subs notion 
sequently manifest E-states. ent of 

It is often true of “rigid” behavior that e9mmi 
terminal sequences are based on root s¢ quence 
quences even when later conditions ar€ absolut 
contraindicative. This corresponds to thé with ¢ 
idiomatic expression “throwing good monej egnditi 
after bad.’’ We may, for example, contin deepest 
along a short-cut road after it has run out of ytt, 
of macadam even though the total sequenet chimer; 
of doubling back to the main highway migh 
be considerably more rational. From 
psychological standpoint, this aspect of com| ——— 
mitment offers an obverse to the response) __ 
mediated interpretation. It is a commitment 
to a restricted subset of action sequencer 
rather than a commitment away from the 
remainder set. 

These general observations can be most 
readily exemplified by means of a simplt__ 


‘If the maze is of finite length. An adequate 
treatment of the non-finite case would unduly 
expand the present paper. It is intended to sug- 
gest an approach to this problem in a separate 
publication. 
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ties, hypothetical problem which will also suggest 
.. In} possible indices. Suppose, as in Table 2, 
de| that an S is presented with a decision- 
‘orm| making problem in which he has two suc- 
and| cessive binary choices: A vs. a and B vs. b. 
1ond| The payoff depends on a play of nature that 
rob. is presumably concealed from S until one or 
stin| both of his choices are made. 
it. Looking at Table 2, it is clear that S will 
only make the inital choice A if he expects 
to follow it with the choice B. As long as he 
is quite unsure of his second choice, or 
nent thinks there is a strong chance that he will 
Te! later choose b, he will do best to select a. 
factl Thus, we can say that the choice A entails 
e Of a stronger commitment than the choice a; 
Tut we can also say that the choice A implies a 
Upon} commitment to the total sequence AB. If 
tha real-life impressions are a safe guide, Ss may 
ninal! choose the terminal response B to succeed 
iven, 4 even if the E-state F, is strongly sus- 
if it, pected. 
l se} This notion of commitment is closely 
later related to our intuitive ideas of “risk” but 
‘that differs from the latter in one important 
8€ Ol respect. While we ordinarily think of risk as 
arlie being a joint function of the stakes involved 
otal) and of the outcome uncertainty, the present 
| notion of commitment is strictly independ- 
ent of environmental information. The 
thai commitment implied by a given root. se- 
t 8 quence is just as great when it is based on 
absolute certainty as when it is associated 
) thf with complete ignorance of the relevant 
one} conditions. In point of fact, many of our 
tinué deepest commitments are made on the basis 
n OU of utter certainty (which may be wholly 
uence chimerical). 
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Hence, commitment in the present sense 
is cognate with the interaction effects (in 
the analysis of variance usage) between root 
sequences and terminal sequences as they 
affect outcome values.' In the specific case, 
the commitment involved in the choice of a 
given root sequence is very slight if it is an 
appropriate choice for any subsequent pair- 
ing with a terminal sequence. The commit- 
ment is heavy if a root sequence produces 
high payoff only when coupled with a par- 
ticular terminal sequence: moreover, the 
commitment to that terminal sequence is 
also great. 

The obvious index for measuring outcome- 
mediated commitment in a given decision 
situation would be the variance associated 
with the interaction between root sequences 
and tail sequences or some derivative, such 
as an intra-class correlation (ef. Haggard, 
1958). For the present example, this inter- 
action mean square is clearly large as com- 
pared with both the first order and residual 
mean squares. 


SOME RELATED CONCEPTS 


We have attempted in the foregoing 
section to maintain the position that the 
term commitment should be reserved for 
the purpose of characterizing the actual 
nature of the decision-maker’s “play” 
against the environment. At the same time, 
we are aware that any commitment has 
certain consequences (resulting from nature’s 
counterplay) that are intimately associated 
with the decision and with the meaning of 
the term commitment. The chief reason for 
maintaining a distinction—if it is possible 
to do so—is that metrically equivalent 
commitments may have markedly different 
consequences in different environments or at 
different times. We shall now briefly examine 
some general properties of these conse- 
quences. 


Potential decrement 


If the environment is essentially static, 
there is no “rational” reason for making a 


5 Here, and later in this paper, we use variance 
terminology in a broad sense. The actual measure 
of variability utilized would depend on distribu- 
tions and other considerations. 
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commitment. There was, for example, no 
reason for the suitors in The Merchant of 
Venice ever to make a choice, providing that 
they could count on Portia’s continuing 
hospitality and nubility. It appears to be 
true, in general, that commitment entails 
the exchange of potential opportunity for 
some degree of realized payoff. 

One question that is raised is a semantic 
one, namely, is it possible to have a potential 
opportunity that is greater than the sta- 
tistical expectation of actual payoff? We 
suggest that it is, in the same sense that the 
potential energy in a gallon of fuel is greater 
than can be exploited as power in any ex- 
isting engine. The point is that, if there is 
some cosmic law of ‘conservation of op- 
portunity,” it obtains in a sense that is 
irrelevant to the interests of the individual 
decision-maker. 

As a rule, however, there is some degree 
of basal commitment so that it is not pos- 
sible to keep opportunity potential on ice. 
As we have previously suggested, it is also 
advantageous, in many cases, to make a 
commitment as early as possible.’ Hence, 
the strategy of commitment consists in 
keeping it at a level which matches the 
degree of relevant environmental informa- 
tion. This is complicated in real behavior, 
however, by psychological factors: im- 
patience and need for ‘‘closure,” on the one 
hand, and superstitious resistance to being 
personally responsible for an outcome on the 
other. , 

Risk 

The notion of risk, unlike that of com- 
mitment, appears to require consideration of 
the amount of environmental information on 
which the information is based. Thus the 
risk attaching to a given decision may even 
decrease if increasing commitment is based 
on proportionately increasing environ- 
mental information. We might, in fact, find 
it useful to define risk in terms of the ratio 
between information and commitment. In 


6 Some care must be taken in specifying what is 
meant by this statement. Note that it cannot be 
taken to mean that responses should be made as 
early as possible unless we have defined a null 
response. It is also assumed that, in comparing 
early commitments with delayed commitments, 
they are evaluated under the same final E-states. 
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doing this, however, we should want a meag. 
ure of commitment which took into account, ——— 
the relative utilities of various outcomes. 

A more direct measure is suggested by the b 
consideration that any set of probabilities AB 
for the relevant H-states, and any cor} Ab 
responding choice of response actions (or AB 
statistical mixture of responses), jointly, 
defines a payoff variance. In general, this; reducti 
payoff variance will be greatest if the un.) sequen 
certainty of E-states is maximum (i.e., for) In tl 
uniform probability) and will decrease ag payoff 
environmental information is increased. So} than p 
far, this seems in accordance with intuitive! simply 
notions of risk. overall 

It is further true, however, that any] “utes” 
reduction in the pool of available response} tion, a 
actions will tend to increase the outcome} R;, the 
variance. Broadly speaking, this decrease is} 6.9 ute 
a function of the fact that the variance of}tropy i 
the mean of a set of values varies inversely| probabi 
with the number of cases. It may of course}. | 
be possible to select subsets of responses for| cane 
which the payoff variance is decreased, but} If nc 
this simply corresponds to a conservative) (by sele 
type of commitment. tion for 

These remarks do not by any mean his ex{ 
dispose of the problem of measuring risk,| decreas 
In particular, it might be objected that risk 
should be measured in terms of maxima or "!Y . 
minima of payoff values rather than in terms 4B cor 
of a random mixture. Such issues, however, quent: | 
are not germane to our major purpose whichjthat th 
has been to indicate that risk can be givenljnitial | 
both a substantive and a metric definition; necessa 
that is different from the meaning atiached jndicati 
to commitment. ‘than tl 


probabi 


Finally, there is a strong family relation ey 


ship between commitment and the notion 0 
i i : : ; . ycomplet 
closure.” To emphasize this relationship 
oa : ' three c 
we shall define the latter as “insulation from) +h 
information.” That is, we assert that much, 
of the intuitive meaning that attaches to 
66 ” useful, 
closure” revolves around the fact that a 
; : ig iand be 
course of action (or a sentiment) is invulner-' 
able to further informational input. : 
we . ‘seems 1 
The term “closure” tends to be used in iiamaath 
reference to situations in which no clearly+,. 
: ; term is | 
marked action is defined. However, the Bit 
: of envit 
general notion can be used, and measured, : 
: se ; making 
in decision-making problems. We_ shall dose? 
merely define closure in this case as the ‘ 4a 
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ntly ——— 

this; reduction in value of information as a con- 
un| sequence of commitment. 

for} In the example of Table 3, the expected 





> asi payoff value, with no information other 
. Soi than probabilities given in paregtheses, is 
itive! simply the expected value for the best 

| overall sequence, AB. This value is 5.0 
any| “utes” (with apologies). With full informa- 
onse| tion, and complete freedom of choice for 
ome} R;, the expected value (over all E-states) is 
se is} 6.9 utes, an increase of 1.9. The total en- 
e ofjtropy in the four E-states with indicated 
sely| probabilities is 1.84 bits. Hence, information 


Ure}. orth -: utes 
3 for! worth 1.84 utes per bit. 
but} If now S chooses the pair Ab and AB 


itive| (by selecting the initial unit A), his expecta- 
tion for no information remains at 5.0, but 
eansfhis expectation under full information is 
risk,| decreased to 6.1 so that information is worth 
2 : only 3a utes per bit. Final choice of Ab or 
rms} 4B completely negates the value of subse- 
veri quent information. It should be observed 
hichithat the selection of- ab and aB, through 
ive initial choice of the action unit a, would 
itiou necessarily be based on initial information 
ched indicating higher probabilities for #; and EF, 
‘than those given in Table 3. If these new 
probabilities are known, the calculations 
proceed in the same way as those shown. 
The foregoing remarks fall far short of a 
hi complete explication of the meaning of the 
UP three concepts that were to be compared 
rontwith commitment. It does appear though 
ue that there are pronounced, and perhaps 
° {0 seful, differences among these concepts, 
at 4 snd between each of them and commit- 
Iner+ ment. Decrement in potential or opportunity 
dj seems to be an inevitable concomitant of 
arly Commitment ; at the same time, the former 
the term is broader and perhaps more descriptive 
ail of environmental processes than of decision- 
f° all making behavior. Risk taking is more 
, closely tied to possible outcome values and, 


the in addition, is specifically related to the 
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degree of certainty or uncertainty concerning 
the environmental state. Closure, as we have 
defined it, is a more cognitive notion, closely 
associated with commitment, but not co- 
extensive with it. 

We have undertaken this digression from 
the investigation of commitment proper for 
several reasons. First, by explicitly defining 
and excluding these related concepts, we 
have perhaps reassured the reader that our 
conception of commitment, while still very 
broad, does not extend indefinitely in all 
directions. A more positive objective, how- 
ever, is to show that commitment may be 
only part of a family or continuum of con- 
structs lying between Game Theory and 
empirical behavior. The fact that several such 
concepts can be identified raises the hope 
that a realistic and rounded framework for 
decision-making can be developed without 
discarding the rigor and power of theoretical 
results already achieved. 
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APPENDIX A In the present case, separate calculations of 
All the admissable probability mixtures of the three determinants is unnecessary because/ CC 
the E-states 1, 2, and 3 are represented on the of the uniform 45° projection. se 
triangle connecting the points (100), (010), For polygons of more than three sides it ig 
(001) (see figure 2). The problem is to compute ecessary to compute areas separately for the Com 
the proportion of this space over which each included triangles and add them. The area for 
of the R; is optimal. the total mixture space is of course computed | 
The first step is to determine the lines at ™ the same way. | 
which the expected payoffs for each pair of R; REFERENCES 
are equal. For Ri, R2; Ri, Rs; Re, Rs, these APES : Th 
lines are respectively 2¢; — {23 = 0; 30. — Attneave, F. Contributions of information theory comry 
ts — 3ts = 0; and { — 4% = 0. It aiid he ale. to psychology. New York: Henry Holt, 1959, 
re 2 a ‘hich R; dominates Dlackwell, D. & Girshick, M. A. Theory of games proce 
termined by _ inspection which 4; dominates and statistical decisions. New York: Wiley probl 
the area on either side of any line and the total 1954. ”) Simo 
region for each R; is the area over which it Frost, Robert. The road not taken. From Moun-| ment 
dominates both other R;. tain interval. New York: Henry Holt, 1921, and 
The next step is to determine where the equal Haggard, E. A. Interclass correlation and the h 
value lines intersect each other and intersect analysis of variance. New York: The Dryden| "8V€ 
with the edges of the probability mixture space. e Press, 1958. ‘ , : mode 
In the present problem (not in general), all three Korner, S. d). Observation and interpretation,| forme 
linea intersect at the point (+4, 7, yx). The sige ga New York: Academic Press Ou 
‘ Sign ig : nec., . 
three polygons determined in this way are Juce R. D. & Raiffa, H. Games and decisions,| 8 th 
shown in Figure 2b. : New York: Wiley, 1954. ) (1952 
The final step is to determine the area of each McCrea, W. H. Analytic geometry of three dimen-| the 
polygon from the expression for its vertices. sions. New York: Interscience Publishers} nymb 
For a triangle with vertices (x:yiz:), (x2), _  —‘Inc., 1957. of din 
(asyses), the square of the area is obtained from Simon, H. A. Rational choice and the structure of the 
the sum of squares of the projected areas by the the environment. In Models of man. New = * 
fatima York: Wiley, 1957. disjur 
: Thrall, R. M., Coombs, C. H., & Davis, R. L.| know 
lnyw 12% |aa 1? |yma 1P (Eds). Decision processes. New York: Wiley preset 
4a? | x2 ys 1| + | 22 2 1} + | yo ze 1 1954. firm « 
|tzys 1 Z32z3 1 | Y3,23 1 (Manuscript received March 1, 1960) provic 
a con 
¥ sufficic 
. the m: 
CRD As 
machi 
| based 
| sions | 
Or if we must play the theological game, let us never forget that (or m: 
it is a game. Religion, it seems to me, can survive only as a con- | to be 
sciously accepted system of make-believe. People will accept certain | OD Vi 
theological statements about life and the world, will elect to per- | are co 


form certain rites and to follow certain rules of conduct, not be- ,and fe 


cause they imagine the statements to be divinely dictated, but “two 
simply because they have discovered experimentally that to live large | 

in a certain ritual rhythm, under certain ethical restraints, and as smal] 
if certain metaphysical doctrines were true, is to live nobly, with red ob 
style. Every art has its conventions which every artist must objects 
accept. The greatest, the most important of the arts is living. triangl 
A.pous Huxtey, Texts and Pretexts “tered « 
black : 
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COMPUTERS IN BEHAVIORAL SCIENCE 


Computer Simulation of Concept Attain- 
ment, Carl I. Hovland and Earl B. 
Hunt, Yale University 


The effectiveness of utilizing high speed 
computers for simulation of psychological 
processes is brilliantly demonstrated in the 
problem-solving model of Newell, Shaw, and 
Simon (1958). The process of concept attain- 
ment lends itself readily to similar analysis 
and simulation. Accordingly, the writers 
have been developing a series of computer 
models for simulation of human concept 
formation. 

Our first computer simulation was based 
on the concept learning model of Hovland 
(1952). Here the subject (or machine) knows 
the dimensions which will be used, the 
number of values of each, and the number 
of dimensions and values required to define 
the concept. All possible conjunctive and 


/ disjunctive concepts generated icin the 
.| known structure are stored. The instances 


presented during learning are used to con- 
firm or infirm each possible answer. This 
provides an algorithmic procedure for solving 
a concept attainment problem as soon as 
sufficient information is made available to 








the machine. 

As an example of the operation of this 
| machine conceptualizer, consider a concept 
' based on stimuli described by three dimen- 
| sions with two values for each. The subject 
| (or machine) is informed that the concept 
| to be found involves two dimensions with 
| one value on each. Thus, if the dimensions 
' are color (black, red), size (large, small), 
‘and form (circle, triangle), the following 
“two dimensional concepts” are possible; 

large circles, large triangles, small circles, 

small triangles, large black objects, large 
red objects, small black objects, small red 
Objects, black circles, red circles, black 
triangles, red triangles. Instances encoun- 
“tered during learning are of the form large 
black triangle, small black circle, etc., and 
are labeled as positive or negative exem- 
plars. An informationally adequate set of 
instances is one which cuts the possible 


“common” two dimensional description of 
positive instances from the original twelve 
alternatives to the appropriate one. For 
instance, if one gives the positive instance 
small red circle and then the negative in- 
stances small red triangle and large red 
circle, the concept must be “small circles.” 
When only one hypothesis consistent with 
the informational input remains, the com- 
puter prints out this concept. 

The second model was developed by Hov- 
land, Taylor, Shure, and Levy (1958) during 
the 1958 Social Science Research Council 
Institute on Simulation of Cognitive Proc- 
esses. It was programmed for the RAND 
JOHNNIAC computer. This model had the 
added feature of simulating selective atten- 
tion to certain aspects of the stimulus. For 
example, if an instance contains information 
characterized by a description ‘Three large 
red triangles placed symmetrically on a blue 
background,” a given subject might only 
attend ic the dimensions number, color, and 
background. If the concept should involve 
the size dimension, a subject cannot solve 
the problem until he begins to attend to 
size. Similarly, if it involves symmetry, he - 
must attend to this dimension. In the model, 
provision was made for noticing additional 
dimensions as learning proceeded; a scan- 
ning arrangement was introduced whose 
transmissions could be changed during 
acquisition. Another modification was to 
drop the requirement that the exact struc- 
ture of the concept be known in advance. 
Tentative answers were generated from the 
instances as presented instead of being 
selected from a predefined set as in the 
prior machine model. 

The model involved selection of single 
dimensional concepts. The human subjects 
being simulated indicated that they noticed 
only certain characteristics of the stimulus 
and that they generated unidimensional 
concepts from these; for example, “The 
positive stimuli are all circles.” These hy- 
potheses were revised until the final concept 
was the correct one. In our experiment, this 
was “symmetrical figures.”” The computer 
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Fig. 1. Flow diagram for simple concept former. List E1 is a stimulus list loaded into machine wit 
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all dimensions and values indicated. This is then screened (by list E2) to simulate the restriction of lists of 

perceived dimensions. These lists generate a “perceived dimension’”’ list, E3. Unidimensional hypothe-lnitial |} 

ses are then deduced from the first instance and subsequently narrowed down as successive stimulussolving 

inputs generate additional hypotheses to be reconciled. Finally, only the appropriate concept nis net stru 
0 


(if the dimension is perceived) or no appropriate concept remains (if the relevant dimension is n 


perceived). (From Hovland, et al., 1958.) 
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language used was IPL-IV, developed by 
Shaw and his colleagues. The flow diagram 
is given in Figure 1. 

The behavior of this model still possesses 
a number of features which differ from the 
performance of human concept learners. 
Some of these are: (1) the machine provides 
for unlimited memory storage whereas 
humans may fail to attain the correct con- 
cept because they do not remember the 
information contained in earlier instances 
(ef. Cahill and Hovland, 1960), (2) the model 
can handle only conjunctive concepts of a 
relatively simple type although humans can 
solve multidimensional, relational, and per- 
haps disjunctive concepts (Hunt and Hov- 
land, 1960), and (3) no provision is made 
for a preference for answers which utilize 
particularly “‘salient”’ dimensions. 

Our current research is oriented toward 
investigating the operation of memory in 
concept attainment. Performance will be 
simulated under one set of conditions where 
no “cognitive strain” due to limited memory 
is involved. The requirement of memory for 
previously presented instances will then be 
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the order of instances is prescribed and the 
instances themselves are described in terms 
of dimensions and values, as in the first 
model discussed. However, the same stim- 
ulus may have several descriptions, depend- 
ing upon how a dimension is to be defined. 
Any number of such descriptions may be 
used in a single program but, of course, only 
one description may exist in the computation 
field at any one time. Thus it is possible to 
write a heuristic program which selects one 
of several alternative ways of describing a 
stimulus and then searches for categorizing 
rules within that description. The format 
also contains an answer and a definition 
section. These are essentially housekeeping 
procedures for providing an answer and for 
“signalling” the additional routines when 
they arrive at a branch point. 

The concept learning primitives trade the 
flexibility of IPL-V for greater power in 
handling this particular type of problem. 
They are used in exactly the same manner 
as IPL-V primitives and the same “safety 
rules” apply. The difference between the 
new routines and the IPL, primitives is that 


H superimposed. In one model, “images” of the new routines assume that their inputs 
; |'the previously presented instances will be have the specific form required by the ap- 
| |retained. In another, only the results of propriate format section. This permits 
; tests applied to the information contained rapid programming of a variety of complex 
in these instances will be retained. These searches, divisions, and alterations of list 
models will have the capability of operating structures which would be tedious to write 
on both conjunctive and relational concepts. out in IPL-V. In the near future, we will 
— To aid in developing these more complex report the results of experiments matching 
models, a supplementation of the IPL-V human behavior against that of the more 
computing language is being developed. In coraplex models of memory and concept 
“1 |ithe supplemented language, all the primi- attainment which can be constructed with 
tives of IPL-V are permissible, but in addi- these programming tools. 
| tion a format for setting up a hypothetical 
-; concept learning experiment (including REFERENCES 
5! {specification of subject variables) and Cahill, H. E. & Hovland, C. I. The role of memory 
several new primitives are provided. in the acquisition of concepts. J. ezp. 
1; |} The format is essentially a “fill in’ out- Psychol., 1960, 59, 137-144. oe 
| }line by which the characteristics of the sub- Hovieed, 0. 5. i eae ree 
j qeue DY waich u ‘ concept learning. Psychol. Rev., 1952, 59, 
* ject, the stimuli, and the concept are speci- 461-472. 
fed. The experimenter defines what Hovland, C. I., Taylor, D. W., Shure, G. H., & 
capabilities the “subject” has, both in proc- bce tet Bae. es ae 
a and remembering information. Spee- Hunt, E. B. & Hovland, C. I. Order of considera- 
e withification of the values on the description tion of different types of concepts. (J. exp. 
tion oftists of one list structure determines the Psychol., 1960, 59, 220-225. 


Newell, A., Shaw, J. C., & Simon, H. A. Elements 
of a theory of human problem solving. 
Psychol. Rev., 1958, 65, 151-166. 


‘pothe-initial hierarchy of the subject’s problem- 
imulussolving responses. Specification of another 
"is nog structure defines the subject’s memoriz- 


is no et ‘ ‘ 
an ng capability. In the stimulus list structure, (Manuscript received October 7, 1959) 
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COMPUTER PROGRAM ABSTRACTS 


Detailed programs of computer program ab- 
stracts 19-23 have been deposited with the ADI 
Auzilliary Publications Project, Photoduplication 
Service, Library of Congress, Washington 25, 
D. C. A copy of the program desired may be 
secured by citing the document number and re- 
mitting the proper amount for photoprints, or 
385mm microfilm. Advance payment is required. 
Make checks or money orders payable to: Chief, 
Photoduplication Service, Library of Congress. 


Partial Item Analysis on the IBM 650, Glen 
Walker, University of Washington (CPA 19) 
This program tallies the responses for as many 

as 80 items simultaneously, computes the per- 

centage of the total responses which fall into each 
category for every item, omitting the “no re- 
sponses” if that is desired, and punches out the 
answers giving the tallies for an item on One card 
and the percentages for the same item on another 
card. Computer time is about four seconds per 
subject. Cross comparisons between items can be 
obtained by sorting the cards on one column and 
tallying the other columns. No more than 9 cate- 
gories per variable are allowed. 

Order Document number 6280 and remit $1.25 
for photoprints, or $1.25 for 35mm microfilm. 


A General Correlation Program for the IBM 
650 with Tapes, Elliot M. Cramer, Biometrics 
Branch, National Institutes of Health. (CPA 20) 
This program computes intercorrelations, 

means, and standard deviations for an unlimited 

number of variables when there may be missing 
data points for some or all variables. The number 
of data points for any variable should be less 
than 10,000. The program is self-restoring so 
that any number of matrices can be processed. 

Several input and output formats are available 

and sequence checking of the input cards is 

optional. Index registers and at least three tape 
units are required. No time estimate is available 
but for 50 variables and 50 datapoints, the time 

was 20 minutes with no missing data and 30 

minutes with missing data. 

Order Document number 6281 and remit 
$2.50 for photoprints, or $1.75 for 35mm micro- 
film. . 

For a SOAP listing (with comments) of the 
program, order Document number 6282 and remit 
$5.00 for photoprints, or $2.25 for 35mm micro- 
film. 
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A Minimal IBM 650 Computer Program for 
Converting MMPI Raw scores to t-Scoreg, 
Clayton E. Ladd, Indiana U. Medical Center, 
Indianapolis; John P. Dolch and Leonard D, 
Goodstein, State University of Iowa (CPA 21) 
The program, developed for a minimal IBM) 

650 computer, provides an efficient means of! 
converting MMPI raw scores to ¢-scores and a 
convenient method of storing the data in an 
accessible and useable manner. Input cards 
(up to approximately 10,000 subjects of each 
sex) indicating a subject’s name, sex, MMPI 
raw scores on three validity and nine clinical 
scales, and composite score from college entrance 
examinations are read, and the following opera. | 
tions performed at the rate of 100 cards per 
minute: 

1. For the MMPI clinical scales using a K 
correction, the correct proportion of K is com- 
puted and added to the scale’s raw score. 

2. The raw scores (with K corrections when 
appropriate) of the clinical scales are converted, 
by a direct address procedure, to t-scores. This 
conversion depends, of course, on the sex of 
the subject. —- 

3. The number of validity scales above specified| from a 
cut-off points and the number of clinical scales, ables ’ 
above a t-score of 70 are counted separately for "™°S 
each subject. The pr 

4. The identifying information, the raw scores Orde 
of the validity scales, the ¢-scores of the clinical $1.25 f 
seales, the indices of deviation on the validity 
and clinical scales, and the entrance test com- 





posite score for each subject are punched on an, Reéres 
output card. z , 

5. The test variables on the output cards are : J 
summated over individuals, and two final output o_ 


cards indicate the group means by sexes. ‘ 
Order Document number 6278 and_ remit "Tess! 


$3.75 for photoprints, or $2.00 for 35mm micro, ™U™ 8 
film. | depend 
! to six § 


Univac Scientific Computer Program for Scaling 4K or 
of Psychological Inventories by the Method and FO 
of Reciprocal Averages, Frank B. Bake, For a 
University of Minnesota (CPA 22) Assemb) 
The Method of Reciprocal Averages uses the Utes; R 

a priori knowledge of the investigator as the he inp 

basis for assigning item response weights by at Variable 

iterative procedure. After each iteration, the (Vs), Ww 
sum of the absolute differences between succes’ A F OR’ 
sive sets of weights is found. If the sum is les tion vari 


than a convergence parameter, the procedure pong 
editor | 
} 


| 


terminated. The resultant weighting scheme 
4 maximizes the internal consistency of the re- 
sponses to the inventory. 

The input is a facsimile of each subject’s 
for} inventory, an a priori weighting scheme, and a 
set of parameter cards describing the problem. 


r 

ia The input information is on 80-column punched 
D| cards which have 6 fields of 12 octal digits each 
21) | and an identification field of 8 columns. The 


total of all item choices c must be less than 504, 
3 no item 7 can have more than 7 choices, missed 
items are punched zero and ignored. The maxi- 
mum number of subjects s is 767. A further 
limitation is cis < 8192. 

The output is the final weighting scheme, a 
weighted total score for each subject, and the 
number of persons selecting each item response. 
ance, A system whereby specified items can be 
erg-| eliminated from the analysis, without modifying 
per! the input data, is under development. 

| Order Document number 6279 and remit 
a K} $2.50 for photoprints, or $1.75 for 35mm micro- 
com | film. 


An IBM 650 Program for Kendall’s Tau, Samuel 
L. Becker, State Unwersity of Iowa (CPA 23) 
Tau is a measure of the degree of correspond- 

of ence between two sets of rankings with tied 

scores. This program computes up to 190 taus 
from a matrix of raw data. The number of vari- 
ables can be 20. The number of observations 

times the number of variables can be 1200. 

The program is for the basic IBM 650. 

seul Order Document number 6277 and remit 

nical $1.25 for photoprints, or $1.25 for 35mm micro- 

lidity| film. 
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Regression Analysis, A. K. Bailey, Murray 
Berg, D. C. McGowan, L. G. Painter, and 
E. J. Thompson, Standard Oil Company of 
California. (CPA 24) 

Description: The program performs a multiple 
vedi regression and correlation analysis. The maxi- 
micro, Bum size problem is 39 independent and one 
dependent variables. Back solutions are obtained 
' to six significant figures. Computer: IBM 704, 

Scaling 4K or larger. Programming Language: SAP 

flethod 2nd FORTRAN II. Approximate Running Time: 

Bake, For a maximum size problem: FORTRAN 

Assembly-5 minutes; Input Editor Run-8 min- 
ses the utes; Regression Run-10 minutes. Comments: 
as the Lhe input editor portion transforms the observed 
by af Variables, V;, into function variables X; = 

n, the /(V;), which are the actual regression variables. 

succes’ 4 FORTRAN program to compute all the func- 

js les tion variables, X ;, used in a given set of problems, 
dure #8 compiled and becomes a part of the input 

\editor program. Restrictions for the input 


ds are 
put put 


} 


| 
[ 
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editor are 1,000 observed variables, V;, and 400 
observations of these variables. The number of 
function variables is unlimited. Availability: 
Presently being used for production. A manual 
may be ordered from the American Institute 
of Chemical Engineers, 25 West 45th Street, 
New York 36, New York. Reprinted from 
Chem. Eng. Prog., 1959, 55: 6, 134. 


Non-linear Estimation, G. W. Booth and T. I. 
Peterson, IBM, White Plains, New York. 
(CPA 25) 

Description: The program treats the following 
statistical problem. Given a functional relation 
between a single dependent variable and a set 
of K independent variables and P parameters, 
and given data for N observations of the de- 
pendent variable and NK corresponding values 
of the independent variables, provide: (1) esti- 
mates for the parameters by an iterative least. 
squares procedure, and (2) information to assess 
the worth of the estimated parameters. The 
functional relation may be linear and/or non- 
linear in the parameters as well as the independent 
variables, and may be explicit or implicit, the 
necessary condition being that it admit of 
numerical evaluation. The program may be 
used for the case of more than one dependent 
variable. It is based on methodology developed 
by G. E. P. Box, Director of the Statistical 
Techniques Research Group, Department of 
Mathematics, Princeton University. 

Computer: IBM 704, 8K core. Program 
language: SAP. Running time: Computational 
time is dependent on many factors. A moderate 
problem (N = 25, K = 3, P = 5) requires about 
one minute per iteration for an explicit function, 
and approximately three times as. long for a 
function requiring the solution of differential 
equations. Comments: The program has been 
used in scientific and business problems of 
various types. Information provided by the 
program includes: (1) least squares estimates of 
the parameters, and (2) data for: (a) analysis 
of the residuals, (b) analysis of the correlation 
between estimates of the parameters, (c) a 
check that the least squares estimates truly 
correspond to a local minimum, (d) evaluation 
of the linearity of the functional relation with 
respect to the parameters in a local region, (e) 
analysis to determine the local nature of the 
minimum, and (f) approximate confidence regions 
for the estimated parameters. Availability: The 
manual for this program can be ordered from 
the American Institute of Chemical Engineers, 
25 West 45th Street, New York 36, New York. 
Reprinted from Chem. Eng. Prog., 1959, 55: 7, 
90. 
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Curve Fitting, 2. A. Eimer, Socony Mobil Oil 
Company, Paulsboro, New Jersey. (CPA 26) 
Description: This routine fits a fifth-degree 

polynomial to ordinate values given at 11 

equally spaced abscissa values. The coefficients 

in the polynomial 


Y = Asx® + Ayx* + Agx® + 

Ae x? + Ay x + A. 
are computed making use of orthogonal poly- 
nomials. The sum of the squared residuals is 
computed for fitting with a constant term and for 
each additional power up to 5. This gives an 
idea of how the quality of the fit is improved by 
increasing the degree of the polynomial. Provision 
is made to compute polynomials of less than 
fifth degree. Computer:. Burroughs 205 (Data- 
tron). Program language: Machine language. 
Running Time: About 15 seconds. Availability: 
A manual will be prepared for sale by the Ameri- 
can Institute of Chemical Engineers, 25 West 
45th Street, New York 36, N. Y. Reprinted from 
Chem. Eng. Prog., 1959, 55: 8, 78. 


TRAP—TAPE Regression Analysis Program 
(IBM 650-Tape). RAPA—Regression Analysis 
Program (Augmented IBM 650). RAP—Re- 
gression Analysis Program (Basic IBM 650), 
J. E. Nichols, Shell Oil Company, Houston 
Research Laboratory, Houston 1, Texas. (CPA 
27) 

Description: This program will compute most 
of the mathematical and statistical functions 
desired in the fitting of data to mathematical 
equations. Conventional least squares techniques 
are used. Matrix inversion is done by Gaussian 
elimination. TRAP output contains the follow- 
ing: (1) original least squares matrix; (2) inverse 
least squares matrix; (3) a set of constants and 
coefficients for each dependent variable; (4) 
total variation; (5) variation by regression; 
(6) correlation coefficient; (7) error variance 
and standard deviation; (8) ‘“F’ and “t” test 
values for each term; (9) table of residuals for 
each observed and calculated dependent variable; 
(10) sum of residuals squared; (11) chi-square 
test values; and (12) variance check to indicated 
roundoff errors, if any. RAPA and RAP output 
do not contain items 9, 10, 11, and 12, and RAP 
is further limited by not containing items 4, 5, 
and 6 in the above list. 

The programs provide for the entry of thirty- 
two variables and up to 999 observations. Nine 
dependent variables can be correlated in one 
pass in the TRAP and RAPA programs while 
eight is the maximum number in the RAP 
program. The regression equation to be fitted 
may contain a maximum of twenty-six terms 
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including dependent variables. Each term may. 7 well as 


be the product of up to five transformed vari 4 Comput 
ables all raised to various powers ranging f om, card in 
0.1 to 9.9. Variable transformations are done} prograr 
by means of codes and constants. The program ; Runnin 
provide for thirty-two constants and thirty-two} tion, th 
codes. Data are entered as positive and/or} of obs 
negative, four-digit floating decimal numbers, | quire f 
The automatic floating decimal device is used] subprog 
by TRAP and RAPA programs, and RAP 4 equatio 


uses the programmed floating decimal arithmeti¢| } progran 
SIR (Symbolic Interpretive Routine). | variety 

Computer: TRAP—Augmented type 650 with manual 
alphabetic device, index accumulators, auto-j stitute 
matic floating decimal device, 60 words of core} New Y. 
storage, attached 407 printer, and one 727} develop 
magnetic tape unit. RAPA—Same as above/ 1960, 5¢ 
except no tape unit. RAP—Basic type 650 


with alphabetic device. Program language: SOAP! Growth 


II. Running time: The running time of each] matic. 
program is a function of equation size, the number! sy. L, 
of observations, and the number and type of} Descr 


transformation of the variables. A typical TRAP} of grov 
program for 11 observations of 6 independent) squares 
and 3 dependent variables requiring 3 transforma-| egefficie: 
tions using the log and exponential routines) arbitrar 
required 214 minutes. Comments: Each program] |imits a1 
is in two parts. The availability tables for each} The ¢ 
part indicate storage requirements. The output bin 

from TRAP, Part I, is stored on magnetic tape| "ear 
and the output from RAPA and RAP, Part I, 
is punched into cards. The output of Part I is 
the input to Part II in each case. Availability: 
The manual on this program can be made avail- oe 
able for publication by the American Institute i 
of Chemical Engineers, 25 West 45th St., New|Semi-log 
York 36, New York, should sufficient interest 


f ye 
Quadrat 





develop. Reprinted from Chem. Eng. Prog, log 
1959, 55: 10, 90. |Quadrat 
Nonlinear Regression by Criterion of Least log. 


Squares, G. G. Bejarano, R. M. Baer, and) a 
L. Tornheim, Mathematical Services Group, sistic 
California Research Corporation, Richmond, y = 
California (CPA 28) ‘ 
Description: This program determines the | mpert 
squares fit for a large number of data points to 
an equation which is nonlinear in the parameters. 
The equation may also be nonlinear in the vati 4 
bles. Examples of such nonlinear eel 


are: lwhich a 
ym log | + + X42(100 — Xi)" jiteration 

a, + X32(100 — X. 2)” | Compu 

¥ aX; + by , en 


A modified Gaussian procedure is used. Back-Points an 
solutions and statistical data are obtained asA typica 
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nay well as the iidiiaite (ai, bi) in the equation. 
‘| Computer: Datatron 205, 4000 words storage, 

‘om card input and output, and floating point unit. 
| Program language: Datatron 205 machine code. 

1 Running time: Depends on the form of the equa- 

tn #1 tion, the number of parameters and the number 
_ fi of observations. However, most solutions re- 
q quire from 10 to 30 minutes. Comments: A 

i subprogram must be written for each nonlinear 

Me cation and certain of its derivatives. The 
eti€| program has been used successfully on a wide 
j variety of complex equations. Availability: A 
vith} manual will be prepared by the American In- 
uto-| stitute of Chemical Engineers, 25 W. 45th Street, 
core} New York 36, New York, if sufficient interest 
721| develops. Reprinted from Chem. Eng. Prog., 


ove! 1960, 56: 3, 86. 

650 

JAP| Growth Curves, L. H. Krone, Applied Mathe- 
each| matics Section, Monsanto Chemical Company, 
nber| St. Louis 66, Missouri. (CPA 29) 

e of} Description: The program will fit a variety 


RAP! of growth curves, using the method of least 
dent}squares to obtain estimates of the regression 
rma-| coefficients. Extrapolations are made for an 
tines! arbitrary number of future years and confidence 
ram | limits are obtained for the extrapolations. 





each} The curves fitted by the program are: 
tput 
sas Minear 
rt I, = A + Bx 
Lis 
ility:| Quadratic 
vail- rise " baci 
‘tute y =A + Bx + Cx 
New| Semi-log 
erest 
sa log y = A + Bx 
\Quadratic in logarithms 
—_ log y = A + Bx + Cx? 
cil Logistic 
nond, y = KABx 
| mpertz 
its to 
eters. y = K/(1 + exp (A + Bx)) 
vari: The equation or equations desired in a par- 


ition ticular case are indicated on a control card 
which also contains convergence criteria or 
‘iteration limit. 

Computer: IBM 704, 8K core, 1 tape (optional- 
output). Program language: Fortran II. Running 
‘time: This is a function of the number of data 

Back: Points and the amount of extrapolation requested. 
ed as typical case of 20 data points and a 10-year 
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extrapolation would run about a minute, in- 
cluding on-line output. Availability: A program 
manual can be made available for publication by 
the American Institute of Chemical Engineers, 
25 West 45th St., New York 36, N. Y., should 
sufficient interest develop. Reprinted f from Chem. 
Eng. Prog., 1959, 55: 11, 92. 


Curve Plotting Routine, H. D. Eddy, Standard 
Oil Company of California, San Francisco, 
California (CPA 30) 

Description: This program reads a set of X 
and Y data points (a maximum of 500 pairs), 
orders them by decreasing values of Y, and 
prints out a graph of either 50 x 100 or 100 x 100 
divisions. Any grid character and plotting charac- 
ter may be used. Computer: IBM 704, 4K or 
larger. Program language: Fortran. Running 
time: Time for each problem after the binary 
deck has been loaded is from six to fifteen seconds, 
depending upon the number of data points and 
the size of the output sheet called for. Comments: 
This program is self-sufficient and can read data. 
from cards or from a tape previously prepared 
from another 704 problem. It may be used to. 
plot the results of the Tarner calculation. Avail- 
ability: This program is presently being used for 
production, and a complete program write-up,. 
less flow diagram, is available at this time. Flow 
diagrams can be prepared if this program is: 
accepted for publication by the American In- 
stitute of Chemical Engineers, 25 West 45th St., 
New York 36, N. Y. Reprinted from Chem. 
Eng. Prog., 1959, 55: 9, 86. 


Response Surface Evaluation, Allan W. Dickin- 
son, Monsanto Chemical Company, Applied 
Mathematics Section, St. Louis, Missouri (CPA 
31) 

Description: The program evaluates a first or 
second degree polynomial in two, three or four 
independent variables, and prints the results in 
tabular form. Tape output is optional. Computer: 
IBM 704, 4K core, 1 tape (optional). Program 
language: Fortran II. Comments: Up to fifteen 
items may be printed in a single line of the 
matrix. The largest number in each line is 
printed with four significant digits and the other 
numbers in the line with the decimal point in the 
same location. With more than two independent 
variables, different pages are devoted to the 
different levels or combinations of levels of 
factors three and four. Availability: If enough 
interest develops, a manual will be published by 
the American Institute of Chemical Engineers, 
25 W. 45th Street, New York 36, N. Y. Reprinted 
from Chem. Eng. Prog., 1959, 55: 9, 86. 
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Curve Fitting, R. A. Eimer, Socony Mobil Oil 
Company, Paulsboro, New Jersey. (CPA 26) 
Description: This routine fits a fifth-degree 

polynomial to ordinate values given at 11 

equally spaced abscissa values. The coefficients 

in the polynomial 

Y = Asx® + Ay xt + Agx® + 

Ao x? + Ay x + A. 
are computed making use of orthogonal poly- 
nomials. The sum of the squared residuals is 
computed for fitting with a constant term and for 
each additional power up to 5. This gives an 
idea of how the quality of the fit is improved by 
increasing the degree of the polynomial. Provision 
is made to compute polynomials of less than 
fifth degree. Computer: Burroughs 205 (Data- 
tron). Program language: Machine language. 

Running Time: About 15 seconds. Availability: 

A manual will be prepared for sale by the Ameri- 

can Institute of Chemical Engineers, 25 West 

45th Street, New York 36, N. Y. Reprinted from 

Chem. Eng. Prog., 1959, 55: 8, 78. 


TRAP—TAPE Regression Analysis Program 
(IBM 650-Tape). RAPA—Regression Analysis 
Program (Augmented IBM 650). RAP—Re- 
gression Analysis Program (Basic IBM 650), 
J. E. Nichols, Shell Oil Company, Houston 
Research Laboratory, Houston 1, Texas. (CPA 
27) 

Description: This program will compute most 
of the mathematical and statistical functions 
desired in the fitting of data to mathematical 
equations. Conventional least squares techniques 
are used. Matrix inversion is done by Gaussian 
elimination. TRAP output contains the follow- 
ing: (1) original least squares matrix; (2) inverse 
least squares matrix; (3) a set of constants and 
coefficients for each dependent variable; (4) 
total variation; (5) variation by regression; 
(6) correlation coefficient; (7) error variance 
and standard deviation; (8) “F’” and “t’” test 
values for each term; (9) table of residuals for 
each observed and calculated dependent variable; 
(10) sum of residuals squared; (11) chi-square 
test values; and (12) variance check to indicated 
roundoff errors, if any. RAPA and RAP output 
do not contain items 9, 10, 11, and 12, and RAP 
is further limited by not containing items 4, 5, 
and 6 in the above list. 

The programs provide for the entry of thirty- 
two variables and up to 999 observations. Nine 
dependent variables can be correlated in one 
pass in the TRAP and RAPA programs while 
eight is the maximum number in the RAP 
program. The regression equation to be fitted 
may contain a maximum of twenty-six terms 
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including dependent variables. Each term may | 
be the product of up to five transformed vari- 4% 
ables all raised to various powers ranging from | 
0.1 to 9.9. Variable transformations are dor 
by means of codes and constants. The programs: 
provide for thirty-two constants and thirty-t 
codes. Data are entered as positive and/or) 
negative, four-digit floating decimal a 










The automatic floating decimal device is used” 
by TRAP and RAPA programs, and RAP, 
uses the programmed floating decimal arithmeti¢ | progr: 
SIR (Symbolic Interpretive Routine). variet 
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except no tape unit. RAP—Basic type 0 










transformation of the variables. A typical TRAP | of gro 
program for 11 observations of 6 independent 






tions using the log and exponential row intl ' 
required 2% minutes. Comments: Each program 







part indicate storage requirements. The output} . 
from TRAP, Part I, is stored on magnetic tape' 
and the output from RAPA and RAP, Part I, 
is punched into cards. The output of Part Lis 
the input to Part II in each case. Availability:]Quadra 
The manual on this program can be made avail- 
able for publication by the American Institute 
of Chemical Engineers, 25 West 45th St., Newigemi-lo 
York 36, New York, should sufficient interest 





















develop. Reprinted from Chem. Eng. Prog.,| log 
1958, 55: 10, 90. \Quadra: 
Nonlinear Regression by Criterion of Least log 
Squares, G. G. Bejarano, R. M. Baer, and), 
L. Tornheim, Mathematical Services Group,|!sistic 
California Research Corporation, Richmond, y = 
California (CPA 28) 
Description: This program determines the | mper 
squares fit for a large number of data points 8 


an equation which is nonlinear in the parameters. 
The equation may also be nonlinear in the vari- The ¢ 
bles. Examples of such nonlinear equati 
are: 





Y<lo a+ X42(100 — X;)" 
a; + X37(100 — X2)” 


Y =aX; + b; e°2*? 





dpoints an 


A modified Gaussian procedure is used. 
typica 


solutions and statistical data are obtained 


CoMPUTERS IN BEHAVIORAL SCIENCE 


ay | well as the constants (a;, bi) in the equation. 
ari- 4 Computer: Datatron 205, 4000 words storage, 
om card input and output, and floating point unit. 
> | Program language: Datatron 205 machine code. 
ms. fl Buoning time: Depends on the form of the equa- 
» | tion, the number of parameters and the number 
of | of observations. However, most solutions re- 
= quire from 10 to 30 minutes. Comments: A 
ed | gubprogram must be written for each nonlinear 
AP / equation and certain of its derivatives. The 
ic | has been used successfully on a wide 
1 variety of complex equations. Availability: A 
with | manual will be prepared by the American In- 
uto= | stitute of Chemical Engineers, 25 W. 45th Street, 
+?New York 36, New York, if sufficient interest 
727 | develops. Reprinted from Chem. Eng. Prog., 
1 1960, 56: 3, 86. 







AGrowth Curves, L. H. Krone, Applied Mathe- 
matics Section, Monsanto Chemical Company, 
St. Louis 66, Missouri. (CPA 29) 

Of} Description: The program will fit a variety 
dof growth curves, using the method of least 
dent. } squares to obtain estimates of the regression 
jcoefficients. Extrapolations are made for an 
tines j arbitrary number of future years and confidence 
gram | limits are obtained for the extrapolations. 

The curves fitted by the program are: 














inear 
y =A + Bx 
bility: Quadratic 
y =A + Bx + Cx? 
, NewiSemi-log 


: log y = A + Bx 
jQuadratic in logarithms 


y = K/(1 + exp (A + Bx)) 


The equation or equations desired in a par- 
ticular case are indicated on a control card 
ich also contains convergence criteria or 
iteration limit. 
Computer: IBM 704, 8K core, 1 tape (optional- 
tput). Program language: Fortran II. Running 


points and the amount of extrapolation requested. 


ined aff4 typical case of 20 data points and a 10-year 


time: This is a function of the number of data . 





25 West 45th St., New York 36, N. Y, should 
sufficient interest develop. Reprinted from Chem. 
Eng. Prog., 1959, 55: 11, 92. 


Curve Plotting Routine, H. D. Eddy, Siandard 
Oil Company of California, San Francisco, 
California (CPA 30) 

Description: This program reads a set of X 
and Y data points (a maximum of 500 pairs), 
orders them by decreasing values of Y, and 
prints out a graph of either 50 x 100 or 100 x 100 
divisions. Any grid character and plotting charac- 
ter may be used. Computer: IBM 704, 4K or 
larger. Program language: Fortran. Running 
time: Time for each problem after the binary 
deck has been loaded is from six to fifteen seconds, 
depending upon the number of data points and 
the size of the output sheet called for. Comments: 
This program is self-sufficient and can read data. 
from cards or from a tape previously prepared 
from another 704 problem. It may be used to. 
plot the results of the Tarner calculation. Avail- 
ability: This program is presently being used for: 
production, and a complete program write-up,. 
less flow diagram, is available at this time. Flow 
diagrams can be prepared if this program is: 
accepted for publication by the American In- 
stitute cf Chemical Engineers, 25 West 45th St., 
New York 36, N. Y. Reprinted from Chem. 
Eng. Prog., 1959, 55: 9, 86. 


Response Surface Evaluation, Allan W. Dickin- 
son, Monsanto Chemical Company, Applied 
Mathematics Section, St. Louis, Missouri (CPA 
31) 

Description: The program evaluates a first or 
second degree polynomial in two, three or four 
independent variables, and prints the results in 
tabular form. Tape output is optional. Computer: 
IBM 704, 4K core, 1 tape (optional). Program 
language: Fortran II. Comments: Up to fifteen 
items may be printed in a single line of the 
matrix. The largest number in each line is. 
printed with four significant digits and the other 
numbers in the line with the decimal point in the 
same location. With more than two independent 
variables, different pages are devoted to. the 
different levels or combinations of levels of 
factors three and four. Availability: If enough 
interest develops, a manual will be published by 
the American Institute of Chemical Engineers, 
25 W. 45th Street, New York 36, N. Y. Reprinted 
from Chem. Eng. Prog., 1959, 55: 9, 86. 
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A Basic IBM 650 Program to Find Best-Fitting 
Orthogonal Factors for a Given Hypothesis, 
D. R. Saunders, Educational Testing Service, 
Princeton, N. J. (CPA 32) 

A program computes a modified quartimax 
rotation based on a hypothesized factor pattern, 
which is used to select the subset of variables to 
which to attend when rotating in a given plane, 
in order to find an orthogonal solution which 
fits closely the hypothesis. The program also 
provides a measure of the goodness of this fit, 
partial hypotheses as well as hypotheses which 
specify a determinate or over-determinate simple 
structure. The program can also be used for a 
straight Quartimax solution. 

The size nk of the factor matrix should not 
exceed 900, where n is the number of variables 
and k the number of factors. 

A more detailed description of the program 
and a set of program cards may be obtained from 
the Educational Testing Service, Nassau Street, 
Princeton, N. J. 


A Basic IBM 650 Program for Paired Com- 
parisons from Balanced Incomplete Blocks, 
Harold Gulliksen and Ledyard R. Tucker, 
Princeton University (CPA 33) 

This program processes data obtained by the 
multiple rank order method devised by Gulliksen 
and Tucker, in which the subject ranks 3 subsets 
of 6 stimuli, which are chosen from all 31 stimuli 
to form a balanced incomplete blocks design. 
Other designs require small changes in the 
program. For each subject, the program gives 
the number of items checked positive and the 
number negative, the number of votes for each 
stimulus in comparison with the remaining 30 
stimuli, the number of circular triads in the 
votes for the 31 stimuli, the number of votes 
for each stimulus and for the implied zero point 
and the number of circular triads among all 
preferences. 

In addition, the program gives for the total 
group of subjects the number and proportion of 
votes for the two ‘stimuli 7 and 7 in each paired 
comparison; the normal deviate, the arc sine 
and the logistic transform of each proportion; 
the paired comparison scale values for each of the 
31 stimuli based on each of the three transforma- 
tions; and also the scale values for the 31 stimuli 
and the implied zero point. 

The program will handle up to 999 subjects. 
Each subject is processed in 35 seconds, the 
computation for the total group requires an 
additional 15 minutes. 

More detailed descriptions of the method and 
of the program can be obtained from the authors 
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by writing the Educational Testing Servi 
Nassau Street, Princeton, New Jersey. A. 
MAPS, a System of Interrelated Programs “yl 
Factor Analysis on the IBM 704, Jonathi aM 
D. Wexler*, Arizona State University. (CB ¥*": 
34) point 
An interconnected program system was logics 
up for an IBM 704 with 8192-word core storag’ the e« 
plus 8192 drum words and 6 tapes to: (1) fim] A | 
product-moment correlations, i.e., correlatij by 2 
coefficients (and also means, standard dey of Th 
tions, and covariances); (2) calculate tetracho data 
correlations; (3) evaluate determinants (of modé The ] 
ate size); (4) transpose an original raw da. - 
matrix before calculating correlations; (5) obta 8 US" 
principal components by Kendall’s method (whi o 
corresponds to Thurstone’s principal axes fag SUPS 
tors); (6) rotate factors by Kaiser’s Va tive 0 


max method (programmed by Mr. Donald 1 
Maurer); and (7) print out the results. T 
programs can handle fairly large sized matrig 
e.g., the tetrachoric and product-moment p 
grams can handle up to 650 variables and %: 
cases. The factor analysis program can procesg 
maximum of 78 variables and the rotati 
program will work on factor matrices of up” 
6000 entries. 

This system, called MAPS (Multiple Ans 
Program System), was designed so that it woul 
be possible to go in and out of the above program 
more or less at will, changing the order am 
using output of one of them as input for anothe 
(within consistency). In particular, this system 
allows an individual to prepare a set of 
data cards, feed them into the machine, 
obtain as final output a set of rotated facto 
the machine handles all the intermediate da 
manipulation so the output from one prog 
is in the correct input format for the next one 
It is also possible to start in the “middle” 0 
such a program sequence, e.g., begin with 
correlation matrix obtained from some oth 
source, transcribe the matrix onto data card 
and then run it through MAPS to obtain principa: 
axes factors (and rotated factors if desired) 

The data input to MAPS consists of cards ¢ 
tape (prepared in suitable formats). 

A complete description of these programs i 
available for $3.00 from the Publications 
Arizona State University, Tempe, Arizona. | 

It may be possible for those who do not hav 
access to an IBM 704 to have their prob 
run at cost on the Arizona State University 
which is owned by General Electric. 
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* At present at the University of Chicago. | 
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id People, Places, Programs. 


7 A computer program which helps design 
| new digital computers has been developed 
ee Marc Shiowitz and Associates of Gardenia, 
; if. The program generates complete 
| point-to-point wiring lists from the detailed 
gm logical design of the internal operations of 
. the equipment. 
im| A library of IBM 650 programs collected 
by Riley Gardner and Miss Lolafaye Coyne 
evils) of The Menninger Foundation is facilitating 
om data analyses at the Topeka institution. 
i} The IBM 650 of the University of Kansas 
PY used which has index registers and floating 
wa point hardware. Exploration of relation- 
agi ships between various dimensions of cogni- 
‘ai tive organization (e.g., leveling-sharpening, 
Wiequivalence range, scanning, tolerance for 
. Tidmrealistic experiences, field-dependence) 
rice has required ever-larger samples of subjects 
MMi who have participated in up to 11 hours of 
vam individual and group testing. Factor analyses 
“shave been used as exploratory methods and, 
"“qmore recently, to test specific hypotheses 
Aabout relationships between principles of 
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cognitive organization. Programs for the 
principal axes or components soluticns have 
been particularly helpful. The availability of 
programs for analytical rotation of factors 
is also an asset, particularly in exploratory 
studies. The group is looking forward to the 
development of programs for the newer 
multivariate techniques and for calculation 
of factor scores, pattern analysis, and cluster 
analysis. The latter are particularly relevant 
to the general problem of “cognitive styles” 
(patterns of cognitive organization, as con- 
trasted to positions relative to single di- 
mensions of cognitive organization). A recent 
study, by Gardner with Samuel J. Messick, 
of ETS, and Douglas W. Jackson, of Penn. 
State, yielded evidence of relationships 
between principles of cognitive organization 
apparent in laboratory and clinical tests and 
certain ‘intellectual abilities.” Other recent* 
studies have been focussed on relations 
between single pairs of cognitive principles, 
e.g., those that have differential effects upon 
attention deployment in response to certain 
types of adaptive problems. 


On Beethoven’s writing-table he kept framed and under glass 
always before him some sentences copied in his own hand. He had 
found them in an essay by Schiller having to do with the religion 
of ancient Egypt. They read as follows: ‘I am that which is. I am 
all, what is, what was, what will be; no mortal man has lifted my 
veil. He is only and solely of himself, and to this only one all things 
owe their existence.’ That singuler desk companion was not there 
to work magic. He was not one to rely on incantation. It was there 


as a reminder to himself of where he found the ultimate source of 


rams | 


his creative power; that it had spoken to him and through him 


5 time and again; and that it would continue to speak. 

na. Lucien Price, The Will to Create 
ot have 

prob 

sity 104 


ago. 
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ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY j resea 


IMPLICATIONS 


Prepared by Members of the Staff of the Mental Health Research Institute 


SincEr, Ropert D. Organization as a uni- 
fying concept in schizophrenia. A 
M. A. Arch. Gen. Psychiat., 1960, 
2, 61-74. 

The data and hypotheses about schizo- 
phrenia come from numerous scientific 
disciplines and although the total research 
in this area can never fit into any single 
theory or program, the author introduces a 
concept by means of which it may be possi- 
ble to show how the various viewpoints are 
vitally interrelated. 

The leading theories of schizophrenia are 
presented with interpretive comments. First, 
the “Genetic Argument” is discussed, par- 
ticularly the proposition of Kallman who 
states that schizophrenia may be due to a 
mutant recessive gene, which might be 
responsible for a specific type of enzyme 
deficiency. Further genetic studies cited 
lead to the conclusion that the relationship 
between genetic endowment and _ both 
structural physiological and _ behavioral 
development is highly complex and not some 
simple function predictable from genetic 
formulation alone. 

The “physiological position” that relates 
schizophrenia to an underlying organic 
process is then considered but the meaning 
of a physiological disorder, if one can be 
demonstrated, appears to be no clearer than 
in the case of the genetic argument. The 
“psychological position” is not representa- 
tive of theoretical positions per se but in- 
cludes descriptions of the perceptual, learn- 
ing, associative, motivational, logical, and 
linguistic world of the schizophrenic. The 
“sociological viewpoint” gains its major 
contribution by demonstrating the differ- 
ential epidemiology of psychosis and other 
forms of mental illness. While the data 
discussed failed to support a strong inde- 
pendent theory, they raise questions about 
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any genetic and physiological position which, 
ignores socio-cultural factors. | syste 
The author then presents an integrative ] some 
viewpoint in terms of the concept of ‘‘orgg | Mich: 
ization.” Organization here refers to trang tien 
actions between parts of functional aystiil 08 studic 
The theoretical construct of organization BY of liv; 
Rashkis is explained which is a central medi jndivi 
ating mechanism dependent on the existeng@] each ¢ 
of certain neural mechanisms. Organizatiog] mech: 
is related to psychological, physiological] on sys 
and the socio-cultural approaches to schiz@d these 
phrenia and is offered as a common way @ overlo 
considering various “levels of analysis.7 differe 
Schizophrenia is defined as an inability i allow 
keep the psychological field organized} deduc 
manifested as an inability to pay attention} The 
to task requirements and an inability td paper 
coordinate messages from various interna Mech; 
systems so that predictable adaptive be4vidual 
havior may result. dan IO 
Factors making for organizational strengtli the sul 
and therefore a state of mental health incomfand ey 
patible with schizophrenia are considered erimin 
Implied is a relationship between organiztransr 
tion strength and internal and externalat bot 
stresses as far as the ability to stay nom quanti 
schizophrenic is concerned. Lack of gene tid ducted 
defect, optimal neural organization, al@institu 
stable economic conditions would, as indijsome 
cated by the studies in the relevant idifferer 
considered, be helpful. Finally, the psychi use of 
logical conditions leading to optimal omment. — 
ganization are suggested. (JCP) way. (1 


MIL.LeEr, JAMES G. Information input ov 
load and psychopathology. A 

J. Psychiat., 1960, 116, 695-704. 
Hither an excess or a deficiency of stim 

is known to be deleterious to living o 
isms. Sensory deprivation of normal subj 
has produced delusions and other phenom 
characteristic of psychotic states. Simil 
the overload conditions under which 
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executives operate are believed to contribute 
to their shortened life span. A systematic 
‘| research program designed to measure the 
| effects of information overload on various 
“| types of living organisms ranging in com- 
+} plexity from a single nerve fibre to whole 
?, social institutions is described in this paper. 
| The experiments are being analyzed within 
hich, the framework of the general behavior 
| systems theory advocated by the author and 
ative] some of his colleagues at Ti« University of 
‘gal| Michigan. All quantifiable aspects of reac- 
al! tion to information overload are being 
& studied at five different levels of complexity 
Oy} of living systems. These are the cell, organ, 
ed individual, group, and social institution. In 
| each case, measurements of performance and 
i0f] mechanisms of adjustment are being made 
vical] on systems at various input rates to see how 
1%} these variables are affected by the degree of 
OH overload. A comparison of similarities and 
i8.7 differences at the different levels will then 
allow a test of some of the propositions 
ize@j deduced from general systems theory. 
im The preliminary results presented in this 
M@ paper confi m some of the earlier deductions. 
lM Mechanisr: of adjustment at both indi- 
“vidual ano zroup levels have been tested on 
jan IOTA apparatus, which flexibly allows 
gti the subjects to queue, filter, make omissions 
wand errors, and reduce the number of dis- 
Herimination categories in an information 
iM transmission experiment. The performance 
Mat both individual and group levels shows 
Mquantifiable similarities. Experiments con- 
atiiducted at the cellular, organ, and social 
AM@institution levels are expected to reveal 
inddsome similarities as well as systematic 
prem differences, especially in the availability and 
Huse of the various mechanisms of adjust- 
ment. Research in these areas is still under 
way. (WJH) 
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BrapLtey, P. B., Denrker, P., and Ra- 
A pouco-THomas, C., Editors. Neuro- 







4. Psychopharmacology. Amsterdam: El- 
stim sevier, 1959, 727 pp., $27.00. 

Or This publication, the Proceedings of the 
ubjectFirst International Congress of Neuro- 


Psychopharmacology (held in Rome, Sep- 
Mtember, 1958), is very similar in format to 
the volume Psychotropic Drugs which con- 
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tains papers presented at the 1957 Inter- 
national Symposium in Milan. The first 
third of the book contains the papers pre- 
sented in formal. group symposia. 

formal sessions included a number of sum- 
marizing papers, by some of the outstanding 
scientists doing research in this field—for 
example, Bleuler, Elkes, Masserman, Olds— 
each followed by shorter, formal discussions 
by eminent scientists such as Delay, 
Eccles, Freyhan, Himwich, and Kaada. 
The remainder of the book is devoted to 133 
short papers on experimental studies with 
animals, clinical reports (frequently em- 
phasizing neurological as well as therapeutic 
findings), and a few papers on experimental 
changes in normal subjects. Animal experi- 
ments and clinical observations on psycho- 
tomimetic drugs, including a number of 


relatively new compounds, such as psilocy- 


bin and Sernyl, take up a large part of the 
book. Fewer than a third of the papers were 
presented by North Americans. Thus one of 
the most important features of this book is 
as an introduction to work that may not be 
accessible or known in the United States. 
(LU) 


: Lerrvin, J. Y., Maturana, H. R., Mc- 


Cuttocn, W. S., and Prrrs, W. H. 
What the frog’s eye tells the frog’s 
brain, Proceedings of the Institute of 
Radio Engineers, 1959, 47, 11, 1940— 
1951. 

This paper re-examines the hitherto held 
concept that information is transmitted 
from the eye to the brain in the form of a 
mosaic of light which maps images focused 
on the retina in some sort of geometric 
pattern in the brain. The authors propose 
an alternative explanation, that the nervous 
apparatus of the eye itself is designed to 
detect certain patterns of light and that the 
optic fibers transmit only certain operational 
information about these patterns to the 
brain. A series of experiments were. accord- 
ingly conducted on the eye and brain of a 
frog to determine the nature of this trans- 
mitted information. 

The conclusions reached were that four 
separate operations are performed .on the 
image in the frog’s eye and that the result 
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of each of these operations is transmitted by 
a separate group of fibers, uniformly dis- 
tributed across the retina. The four opera- 
tions are (1) sustained contrast detection, 
(2) net convexity detection, (3) moving edge 
detection, and (4) net dimming detection. 
The first two are reported by unmyelinated 
fibers and the last two by myelinated fibers. 
The fibers reporting the different operations 
differ systematically not only in fiber di- 
ameter (and therefore conduction velocity) 
but also in the size of receptive field reported 
which ranges from about 2 degrees diameter 
for the first operation to about 15 degrees 
for the last. The detailed description of 
these operations as demonstrated experi- 
mentally follows. 

Sustained Contrast Detectors. This type of 
fiber does not respond to the light being 
turned on or off, but if the sharp edge of-an 
object either lighter or darker than the 
background moves into its field and stops, 
it discharges promptly and continues dis- 
charging no matter what the shape of the 
edge or whether the object is smaller or 
larger than the receptive field. The sustained 
discharge can be interrupted in these axons 
by switching all lights off. When the light 
is restored, the sustained discharge begins 
after a pause. In some fibers of this group, a 
contrast previously within the field is “re- 
membered” after the light is turned off, 
since they keep up a low discharge rate 
that is not present if no contrast was there 
before. 

Net Convexity Detectors. These fibers detect 
edges with high curvature. The fiber will 
not respond to a change in general illumina- 
tion nor will it respond to a straight edge of 
a dark object moving through its receptive 
field or brought there and stopped. It does 
respond to a small object (covering 3 degrees 
or less at the eye) passed through the field; 
the response does not outlast the passage. 
If the object is left in the field, it continues 
responding for a long time, but the response 
stops if there is a transient general darkness 
lasting 440 second or longer. Usually a fiber 
will respond indefinitely only to objects 
which have moved into the field and then 
lie wholly or almost wholly within the 
receptive field. The discharge is greater the 
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greater the convexity, or positive curvaturg 
of the boundary of the dark object untijectur 
the object becomes as small as about Omg} most ; 
half the width of the receptive field (7 déH sonve: 
grees in diameter). At this point, the re detect 
sponse reaches a maximum and eventually} detect 
decreases. The smallest object to whieh) gimmi 
these fibers respond is less than 3 minutél the 
of are. {speed 
Moving-Edge Detectors. These fibers re] The 
spond to any distinguishable edge movingl if the 
through their receptive field, whether blael inform 
against white or the other way around. Theyl teri 
will respond to an edge only if it is Movingiihe de 
These fibers generally show two or threthopistic 
regularly spaced spikes to turning the light ting. 
on or off. The response to moving objection o 
is much greater than to changes in totflltynes , 
illumination and varies only slightly witli ths 
general illumination over a range of 1/300) simple 
The frequency of the discharge increaséiipinola 
with the velocity of the object within céMynlore 
tain limits. These fibers are myelinated, 
conduct at a velocity of 2 meters per second, 
and have a receptive field about 12 degree 
wide. 
Net Dimming Detectors. These are m 
elinated fibers and are the fastest conducting 
afferents from the retina (10 meters/see), 
They respond to a sudden reduction 
illumination by a prolonged and regula 
discharge which is much the same from 
fiber to fiber. The receptive field is rathe 
large (about 15°), and darkening of a spd 
produces less response when it is in thi... » 
periphery of the field than when it is at thi duc, 
center. A response which is set up by turning); ¢h; 
off a light may be interrupted by turning th 
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light on again. The amount of light whie ode 
must be restored to interrupt the respons§ ti. i4;, 
gets less and less the longer one waits. dates ir 

In addition to these four operations, thet orn] 
is a small group of afferent fibers which doe, io, | 
not seem to have a distinct receptive field), ya inn 


They measure the absolute degree of dark 
ness over a wide area with a long time con 
stant. The frequency of discharge is greate 
the darker it is. 

There are about 500,000 fibers conveying 
all of the above information from the reting 
to the superior colliculus in the brain. 
four operational groups of fibers terminate i 





ABSTRACTS OF CURRENT LITERATURE 


UNG four separate layers of cells in the optic 
7 tum. The contrast detectors go to the 
inet superficial layer. Beneath them are the 
‘& convexity detectors. Then the moving edge 
Gi detectors mixed with a few of the level 
lig} detectors. In the deepest layer are the 
# dimming detectors. Thus, the depth at which 
oe the fibers end is related directly to their 
Bared of conduction. 
a The implications of this work are clear. 
i If the optic fibers carry only highly coded 
i information about certain operational char- 
acteristics of the visual image to the brain, 
Si the derivation of these operational charac- 
Mieristics must take place locally in the 
retina. For example, the dendritic distribu- 
hn of the ganglion cells of the different 
Ota s of fibers may be organized differently 
With oo “that they obtain different samples of 
rx Wkkimple local operations reported by the 
aEbinolar cells. Further work is under way to 
ce ‘, plore this aspect of the problem. (WJH) 
ated, 
con@iiyria, A. R. Brain disorders and language 
rm analysis. Language and Speech, 1958, 
I, 14-35. 
nT A physiological theory of language func- 
IctiNdion is developed from work with literally 
| sec), housands of Russian aphasics over the past 
On Gwo decades. Separate regions of the cortex 
°gulaorm complicated systems for the analysis 
Mind synthesis of visual, auditory, kines- 
ratMBhetic, and motor stimuli. Following Pavlov, 
. garia calls these “primary cortical analy- 
pe rs.” Focal lesions of the brain always 
Bdnoe a break-down in a primary analyser. 
UrniMByt this immediate primary effect of a focal 
ng “WAesion never remains isolated. The real units 
whit brain function are complicated systems of 
spon@ictivities. When an analyser which partici- 
}ates in any such activity is broken down, 
y “ hormal existence of the whole system be- 
Somes impossible, and there is a selective 
field pairment of everything which depends on 
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@ given primary analyser. These _ 
impairments are the actual symptoms of 
the aphasias. 

Lesions in the left temporal zone cause @ 
break-down in the. discrimination and 
generalization of sound pattern, and above 
all in phonemic auditory perception. This 
in turn affects pronunciation and writing, 
and also the structure of word-meanings. 
This failure at the lexical level affects the 
various parts of a word in different degrees: 
the roots of words, which carry the more 
concrete meanings, are lost, while suffixes, 
with their more abstract meanings are re- 
tained! 

Two classes of processes are distinguished: 
communication of “relations” and “events.” 
The former are for the most part reversible 
operations (perception of visual objects, 
spatial relations, numerical structures); the 
latter, irreversible serial tasks (reproduction 
of rhythms, skilled movements, a series of 
words). It is shown clearly that the former 
accompany focal parieto-occipital lesions, the 
latter accompany focal fronto-temporal ones. 
In the latter, all forms of handling propo- 
sitions, where the serial order of events is 
crucial, are impaired. 

In all the foregoing disabilities, the prag- 
matic directive effects of speech on purpose- 
ful activity are unimpaired. But in lesions 
of the frontal cortex, it is precisely these 
functions which are enormously impaired. 
The patient cannot use heard or spoken 
speech to control his movement, he cannot 
tell himself to do anything, nor respond to 
request. If asked to procure a farther ob- 
ject, he will fetch a nearer one. Distract- 
ability on the simplest tasks is high. Yet he 
often speaks quite normally, and this seem- 
ing normality has often led investigators to 
neglect the role of language in these prag- 
matic functions which are a main concern 
of the Russian school. (WPL) 
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Thornton B. Roby (“Commitment”), a previous 
iMeontributor to Behavioral Science (see the April, 
mm 1959 issue), i is the author of various articles on 
ent@learning theory and small group behavior. He is 
sently conducting research, under an ONR 
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contract, on information processing in small 
groups and i is also studying individual factors in 
decision making under an NSF grant. An agso- 
ciate professor and research associate at Tufts 
University, Dr. Roby did his 
work at Trinity College, received an M.A. 
me Wesleyan University, and his Ph.D. from 
Joseph A. Schlesinger (“The Structure of 
Competition for Office in the American States’’) 
is associate professor of political science at 
Michigan State University. Concerning his pres- 
ent research, he writes: “I have been studying 
the careers of major party candidates for the 
offices of governor and senator. When related to 
additional work on actual turnover of personnel 
in public office, the present article on competition 
provides an analysis of the structure of oppor- 
tunities for political advancement in the states. In 
general, my concern with both competition and 
political careers is with their relation to the 
dynamics of party organization.” Dr. Schlesinger 
is the author of several articles concerned with 
politics on the state level. He received his A.M. 
and Ph.D. degrees in political science from Yale 
University after completing undergraduate work 
in economics at the University of Chicago. 


Those who won our independence believed that the final end of 
the State was to make men free to develop their faculties; and that 
in its government the deliberative forces should prevail over the 
arbitrary. They valued liberty both as an end and as a means. 
They believed liberty to be the secret of happiness and courage to be 
the secret of liberty. They believed that freedom to think as you will 
and to speak as you think are means indispensable to the discovery 


and spread of political truth; that without free speech and assembly 























discussion would be futile; that with them, discussion affords ordi- 
narily adequate protection against the dissemination of noxious 
doctrine; that the greatest menace to freedom is an inert people; 
that public discussion is a political duty; and that this should be 
a fundamental principle of the American government. 


Louis D. Branpets, Whitney v. 
California 
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7 THE LOGICAL FORMS OF UNIVERSAL LAW 


HE logical forms of universal law have 
j been stated in several different but 
1 closely related ways. The following forms of 
4 expression are among those most commonly 
found in analyses of scientific method: “All 
} A is B,” “If A then B,” “If not B then not 
A,” “If X is an A then X is a B,” “For 
} every X, if X has property A then X has 
property B,” “Each a is a b,” “If a then 
b,” “If a then B,” “If A then b,” “Nothing 
isan A (or a) which is not also a B (or b).” 
In the analysis that follows, the first of the 
preceding forms of expression will be adap- 
ted. However, in most cases, it can be 
assumed that the remaining forms of ex- 
pression are directly applicable. 

The logic of sufficient and necessary 
conditions can be used to explicate the 
various forms of universal law. A is said to 
1 be a sufficient condition for B if, under 
varying conditions, the presence (oc- 
currence) of A is always found to be ac- 
companied by the presence (occurrence) of 
B. A is said to be a necessary condition for 
B if, under varying conditions, the presence 
(occurrence) of B is always accompanied by 
the presence (occurrence) of A. Finally, A 
is both necessary and sufficient for B if, 
; under varying conditions, B is present 
whenever and only whenever A is present. 
A and B are then equivalent (A=B). The 
equivalence relation describes that form 
& the logic of conditions which represents 








» 


controlling principle is anchored and articulated can usually 
terms of the logic of universal laws and 
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definitions, we can describe the most familiar relation in a system of socio- 
logical generalizations, that of correlation or association among variables. 


SYSTEM-CONSTRUCTION IN SOCIOLOGY 


the form of universal law. In every universal 
law, A is a sufficient condition for B and B 
is a necessary condition for A. The converse 
of this is also true (VonWright, 1951, pp. 
64-77, 140-151). 

Of course, if A occurs in the absence of 
B and B occurs in the absence of A, then 
A is neither, a sufficient nor a necessary 
condition for the presence of B. A and B 
may, nevertheless, be related through partial 
association. When some occurrences of A 
are associated with some occurrences of B, 
or when certain changes in A vary with 
certain changes in B, causality in the sense 
of correlation is said to obtain. Causality in 
this sense cannot usually be expressed in the 
universal form represented above. The 
relation between occurrences of A and B 
describes a tendency only, and the degree 
of correlation expresses the probability of 
that tendency. Another way of phrasing 
this idea is to describe, ‘‘A equivalent to 
B,” as a situation in which the same cause 
is accompanied by the same effect, and to 
describe, ‘‘A correlated with B,” as a 
situation in which the same cause is ac- 
companied by a distributed effect (Von 
Mises, 1957, pp. 179-181). The latter 
relation can be expressed as follows: ‘If 
A occurs, B occurs in 80% of the cases’’; 
“In 80% of the cases, an instance of A is 
also an instance of B.” 

When A stands in a relation of mere 
sufficiency or correlation with B, all of the 
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conditions that produce B are not isolated 
and identified. Some conditions are neglected 
and these do, on occasion, either produce B 
or determine some degree of its occurrence. 
If A is only a sufficient condition for B, 
then B may occur without A, and if A is 
merely correlated with B, then some in- 
variable amount of B may occur with some 
variable amount of A. For these reasons one 
cannot say that B occurs if and only if A 
occurs. 

When A is both a necessary and sufficient 
condition for B (A=B), and all occurrences 
of A and B can be given metrical values, 
and these values related through a constant 
of proportionality, then a functional equa- 
tion or law obtains. Thus, to be fully valid, 
such a law must meet certain requirements. 
As a first requirement, it should be possible 
to indicate the respects in which the variables 
A and B are measurable. Do these variables 
differ in degrees of intensity, frequency, 
effectiveness, or some other respects, such 
that their values can be ordered in series of 
more or less? When they cannot be so 
ordered even the crudest kinds of measure- 
ment are impossible. Assuming that the 
variables can be put in serial order, the 
second requirement arises; that it is possible 
to construct units for them that are equal, 
interchangeable, and additive. When the 
latter requirement is met, fundamental or 
“extensive” measurement takes place. The 
way is then open for the establishment of a 
stable ratio between increases in units of A 
and increases in units of B. This third 
requirement, that the proportions of units 
of A to units of B remain constant under 
varying conditions, enables us to express the 
correlational statement as a numerical or 
quantitative law (Cohen & Nagel, 1934, 
pp. 289-301; Hempel, 1952(a), pp. 50-79; 
Cogan et al., 1958, pp. 1-50). 

Laws of this type are sometimes said to 
hold regardless of outside conditions, but this 
is only an elliptical way of saying that 
supporting causal conditions (structures) 
are assumed to remain constant for purposes 
of systematic analysis. Though unexpressed, 
these “conditional” constants are the 
situational determinants of the numerical 
laws to which we refer. When the magnitudes 
represented by numerical laws are them- 
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tional relation, such that each can be} able 
mathematically derivable from the others | for | 
a higher level law or theory obtains. In some that 
cases, variations in the constants of these iner 
laws can be further generalized at still higher! usus 
levels. Higher type laws pertain, of course, com 
to the macroscopic or molar levels ¢ | app! 
phenomena and not to the microscopie; abo1 
statistical laws of modern physics. Ex-| Met 
ceptions to the latter occur when the errorg | part 
of measurement of the magnitudes of two? sign: 
statistical values can be calculated ag | desis 
functions of one another. relat 
, adeq 

A SYSTEMATIC FRAMEWORK FOR | one 
SOCIOLOGICAL GENERALIZATIONS varie 


The preceding paragraphs provide aj theo 
basis for appraising the respects in which it | 
is possible to construct a systematic frame- 
work for sociological generalizations. We 
note, to begin with, that one of the most 
useful kinds of generalizations found in| Pe 
sociology approximates the correlational 
form: “If A increases, then B increases”; 
“The greater the rate of A, the greater the | illust 
rate of B’’; “The more A changes, the more> 
B changes.’ Now it is evident from our / C, D 
discussion of measurement that if the (1 
associations between two or more variables 
are total, in the sense that any definite in- (2. 
crease in one of them enables us to precisely 
predict the accompanying increases in the, (3) 
others, then such associations are both | 
transitive and symmetrical. In other words, _ It 
it follows that: draw 

If A increases with B and B increases the ¢ 

with C, then A increases with C, and must 

If C increases with B and B increases | Varia 

with A, then C increases with A. In tl 

By virtue of these relations, we could speci 
start with any variable in this miniature Tecor 





system and assert a lawful connection with ‘Sign 
any other variable. Unfortunately, however, betw 
the most that can usually be said in soci- | the 
ology is that a given increase in C is associ- to re 
ated with some variable increase in A and Mc 
B. The increase in C may be relatively large uM. 
1 Note the employment of this general form of | j 
relation in the theoretical writings of Arnold Rose B 
(1954, pp. 13-24); Hans L. Zetterberg (1954, pp. PY 4 


16-38); and J. G. March and H. A. Simon (1958, | varia 
pp. 7-9 and passim). . 
| 


.| or small depending upon what other vari- 
} ables are at the time influencing it. We may, 
| for instance, know in a general sort of way 
s1 that an increase in C is associated with an 
increase in both A and B. However, it is 

»! usually very difficult to determine if the 
, combined increase in A and B would add 
i. appreciably to the increase in C, over and 
, above the increase in A or B taken singly. 
| Methods similar to the use of multiple and 
partial correlation within experimental de- 
? signs can, of course, be introduced, but such 
designs are best suited to situations of 
relatively narrow range. They are hardly 
, adequate for building a systematic theory, 
one that could be used to articulate a wide 

, variety of social phenomena. From a 
le | theoretical viewpoint, what is desired are 








chit law-like statements representing invariant 
ame- | associations between events of the same 

We _ type, associations that hold regardless of the 
most changing conditions under which they occur. 
d in| Perhaps we can see more clearly the 
ional | Tfamifications of this problem if we take a 
ses”; ' miniature system of four variables as an 
r the | | illustration. The familiar sociological situa- 
more tion with respect to a set of variables A, B, 
_ our / C, D, is such that: 


the (1) Some increases in A are associated 
ables with some increases in B. 
ein- (2) Some increases in B are associated 
risely with some increases in C. 
1 the. (3) Some increases in C are associated 
both | with some decreases in D. 
ords, _ It is apparent that no inferences can be 


drawn from these three statements without 
eases the addition of one or more premises. We 
, and must, to begin with, assume that all of the 
eases | Variables are associated to a high degree. 

'In the absence of contrary knowledge, we 
could specifically assume, by an act of inductive 
ature ‘econstruction, that there is a reasonably 
with ‘Significant’”’ (direct or inverse) relation 
ever, between the values of each pair of variables 
sock | 2 the three statements. Such an act appears 
;.» to rest on the following premises: 


an Most increases in variable A are associated 
large with increases in a system-variable S. 

, Most increases in variable B are associated 
1 Row with increases in a system-variable S. 


_ By assuming that most increases in both 
(1958, variables A and B are associated with a 
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system-variable S, we can draw the logical 
conclusion that: 

Some increases in variable A are associ- 

ated with some increases in variable B* 

If the premises are acceptable 
for statements (1), (2), and (3), they can be 
used as a basis for drawing the following 
additional conclusions: 

(4) Some increases in A are associated 
with some increases in C. 
(5) Some increases in A are associated 
with some decreases in D. 
(6) Some increases in B are associated 
with some decreases in D. 
(7) Some increases in D are associated 
with some decreases in A. 
(8) Some increases in D are associated 
with some decreases in B. 
(9) Some increases in D are associated 
with some decreases in C. 
(10) Some decreases in D are associated 
with some increases in A. 

Still other inferences may be drawn from 
this simple system, but the above will be 
sufficient to illustrate our main point. By 
grounding our initial list of three statements 
on explicit premises, we have, through a 
process of logical derivation, arrived at 
conclusions (4) through (10). In this way, 
we have constructed a hypothetical system 
in which each generalization contributes 
intelligibility to every other. Can such a 
framework serve as a basis for systematizing 
sociological generalizations? It is to the 
exploration of this question that we now 
turn. 

SYSTEMS OF SOCIOLOGICAL 
GENERALIZATIONS 

In the writings of sociologists, no con- 
sistent distinction has been maintained 
between the two statement forms, “Some 
increases in A are associated with some 
increasesin B” and ‘The greater the increases 
in A the greater the increases in B.” We 
may assume, therefore, that both forms are 
implied by very similar premises and rest on 

2 As a moment’s thought will reveal, the two, 
premises from which this conclusion is derived 
require acceptance of the more basic premise 
‘‘Any two variables of which each is associated 


with more than half of a third variable must be 
partially associated.”’ 
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the same kind of relation between variables. 
The two forms seen to exclude only the 
possibility that some increase in the one 
variable will be accompanied by no increase 
in the other variable. The precise degree of 
association between variables is left open for 
future determination. The second form of the 
statement, like the first, is based on an 
underlying premise which must be accepted 
before sociological generalizations can be 
systematized. This premise may be ex- 
pressed as follows: 

Any two variables that increase with a 

third variable increase together.* 

There are two reasons for utilizing this 
premise in the organization of sociological 
generalizations. First, it enables us to 
simulate the form of law-like statements 
that are common in natural science, and 
secondly, it is consistent with the most 
typical style in which sociological generali- 
zations are presented. 

Allowing, then, for occasional abridgments 
or abbreviations, the following generali- 
zations are representative formulations of 
the content of sociological writing.* What- 
ever novelty can be found in their organiza- 
tion arises from the juxtaposition of separate 
groupings of them, each of which intersects 
or overlaps the region of all others. For 
instance, if one author relates generali- 
zations (A), (B), and (C) and another 
author relates generalizations (B), (D), and 
(E), then a larger scheme of generalizations 
combining (A) through (E) into a single 
system is constructible. Further commentary 
on these generalizations will follow their 
presentation as listed below. 


3 Expressed synonymously, ‘‘Any variable that 
increases with the first of two variables that in- 
crease together increases with the second of 
these.”’ 

4 Source materials are too extensive to be listed 
in full. However, the following writings are es- 
pecially worthy of mention: Broom and Selznick 
(1958); Cuber (1955); Folsom (1931); Hare, Bor- 


gatta, and Bales (1955); Hartley and Hartley ~ 


(1952); Honigmann (1954); Ogburn and Nimkoff 
(1958); Phelps (1936); Schuler, Gibson, Fiero, and 
Brookover (1952); Slotkin (1952); Sorokin (1928); 
Sutherland, Woodward, and Maxwell (1956); 
Williams (1947). 


Subsystem I 


(A) The greater the rate (number) of social. 

(technological) changes 

(1) The greater the increase in size and 
density of population 

(2) The greater the rate of population ) 
mobility and migration 

(3) The greater the rate of social in- 
vention and cultural borrowing 

(4) The greater the frequency of social 
lag and social crises 


Subsystem II 


(B) The greater the heterogeneity of popu- 
lation 
(1) The greater the number and di- 
versity of sub-groups 





(2) The greater the ethnic and status 
variability ¥ 

(3) The greater the differentiation and | | 
specialization of occupations 

(4) The greater the variability of 
vocational and interest groups 

(5) The greater the diversity in manners, 
conduct, taste and peculiarities 


Subsystem III 


(C) The less the uniformity (stability) of 
social institutions 

(1) The greater the discontinuity in folk 
traditions and bonds of kinship 

(2) The less the social consensus (shared 
experience and solidarity) 

(3) The less the agreement on norms) 
(rules, definitions) of mutual obli-_ 
gation (rights and duties) 

(4) The more the centralization of 
social control (authority) 

(5) The less the informal demand for | 
conformity 

(6) The greater the degree of sub-group | 
autonomy 





Subsystem IV 


(D) The less the stability (uniformity) of 
social interaction 
(1) The lower the coordination of role?’ 
patterns (age, sex, kinship) | 
(2) The greater the inconsistency and | 
ambiguity of role patterns 
(3) The greater the fragmentation, seg- 
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mentation and atomization of social 
life 


(4) The sharper the perception of 
differences in belief and behavior 
| Subsystem V 
(E) The greater the sub-group conflict 
(opposition) 
(1) The greater the _inter-individual 
stress and strain 
(2) The greater the frequency of social 
deviation (crimes, divorces, suicides, 
mental disorders) 
(3) The greater the antagonism of 
loyalties 
Subsystem VI 
(F) The greater the intra-individual conflict 
(tension) 
(1) The greater the conflict of self- 
conceptions in the individual 
(2) The greater the amount of individual 
anxiety and frustration 
(3) The greater the anonymity and 
isolation of the individual 


It is apparent from the way in which the 
preceding generalizations are grouped that 
they constitute clusterings of subsystems 
around the set of principal components 
designated by the letters (A) through (F). 
These principal components, dealing as they 
do with questions of social change, popu- 
lation differences, the stability of social 
institutions and social interactions, and proc- 
esses of individual and group conflict, seem 
to be among the dominant themes of soci- 
ology. 

Beyond this broad assumption is the 
additional one that, regardless of their 
systemic location, any pair or combination 


_ of components will constitute a reasonable 


group 


ty) of 
f role? 
y and | 


1, SC 





association.® To fully test this assumption, 


5 However, component. (C-4) vis-a-vis (C-5), 
and component (E-1) vis-a-vis (E-2), are some- 
times contradictory in the literature. Thus the 
former may be expressed as, ‘“The less the central- 
ization of social control the more the informal 
demand for conformity,’’ and the latter as, ‘‘The 
greater the inter-individual stress the less the 
frequency of social deviation.’’ That the inter- 
pretations of empirical relationships are some- 
times contradictory in the sociological literature 
is clearly evident in an article by F. R. Westie 
{1957 ). 





components 
within the total system. Thus, the following 
subsystem is but one of many that can be 
constructed in this manner. 
(A-2) The greater the rate of population 
mobility 
(B-5) The greater the diversity in conduct 
(C-2) The less the social consensus 
(D-4) The sharper the perception of 
differences in belief 
(E-3) The greater the antagonism of 
loyalties 
(F) The greater the intra-individual 
conflict® 
Not only should each of our generali- 
zations represent a summarization of ob- 
servational instances, but each, by virtue 
of its abstract character, should contain that 
extra measure of conceptual content that 
permits of extension to relevant classes of 
unobserved instances. Though a single 
generalization rests on limited empirical 
foundations, the systemic, linkage of each 
with the others justifies the interpretation 
that each will draw upon the combined 
empirical strength of the system as a whole. 
Each generalization adds plausibility to the 
observational instances underlying the 
others, and the observational instances 
underlying the others increase the degree of 
plausibility that can be attributed to each 
generalization. In this light, any single 
generalization can be regarded as a parsi- 
monious synthesis of the broad class of 
empirical phenomena “covered” by the 
larger system. 
Short of the nearly universalized as- 
sumption implied by this perspective, the 
empirically minded researcher may wish to 


* As our discussion of ‘“‘methodological prob- 
lems”’ will indicate, the indeterminacies of present 
knowledge are too great to make more than a 
nominal distinction between principal and second- 
ary components. In the interpretations of H. M. 
Blalock, Jr. and A. B. Blalock (1959), our principal 
component, EF, would probably be regarded as 
included in but not an element of the preceding 
subsystem. 
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proceed on the more tenable premise that 
each subsystem constitutes a hypothetical 
ensemble of generalizations that »may 
apply directly to limited spatial-temporal 
regions. At least, it may be presumed that 
many of the sociologists who authored 
some portion of our list based their general- 
izations on inferences from direct observa- 
tions of a local nature. 


METHODOLOGICAL PROBLEMS 


Assuming a network of systemic relations 
among generalizations, regions of incon- 
sistency will provide focal points for in- 
tensive exploration and analysis. Thus, the 
structural weaknesses of the larger system 
can be effectively located and their impli- 
cations searched as a basis for introducing 
methodological improvements. 

Probably our most visible methodological 
problem pertains to terminology. If each 
generalization is meant to refer to a different 
range of phenomena, then the principal 
terms of each should be conceptually dis- 
tinguishable. Though we have, in several 
instances, bracketed synonymous word 
usages, some of the terms within the differ- 
ent generalizations carry very similar con- 
notations. Thus, “heterogeneity of popu- 
lation” may be reducible, by equivalent 
definition, to most of the generalizations 
subsumed under (B). Similarly, (E) may 
be no more than a behavioristic summari- 
zation of the covert characteristics referred 
to in (E-3). Again, (C-2) and (C-3) seem to 
refer to nearly the same kind of data unless 
one wishes to insist that ‘“‘social consensus” 
is implicit whereas ‘agreement on norms” 
is explicit. Moreover, do not the meanings 
of (D-1) and (D-2) provide us with nearly 
the same interpretation? Perhaps the loose- 
ness of language to which we refer is most 
evident when we consider the possibility of 
alternative formulations for several of the 
generalizations. For instance, if we had put 
in the place of (C-2) and (C-3) the statement, 
“The fewer the number of common values,” 
would we have omitted any additional types 
of data relevant to the subsystem in 
question? Again, if we had substituted either 
generalization (C) or (E) for the statement, 
“The lower the degree of social integration,” 
would our formulation have been less 
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*(G) and (H). 


definite or less adequate than it now is? 
Questions of this kind challenge our usual — 
notions concerning the clarity and homo. 
geneity of system variables in sociology. 

Without a high degree of clarity a 
homogeneity among system variables, 
not possible to determine the precise di. 
rection(s) in which such variables are 
causally effective. In a closed system, all 
variables are mutually determining and one | 
can read the causal relationship as extending © 
from any variable taken as independent to 
any other variable taken as dependent. The - 
direction of the relationship is formulated 
on the basis of considerations that have to 
do primarily with the possibilities of social 
control. In the absence of criteria of causal 
effectiveness and system closure, it is 
difficult to define both the conditions of | 
equilibrium among subsystems and the 
controlling situational conditions that 
govern or preserve their boundaries. 

The question of equilibrium maintaining 
conditions within systems cannot be ade- 
quately understood without analysis of the 
problem of how the balance between op- 
posing conditions is maintained. From the 
literature of sociology we find that sub- 
system (E) is linked to processes of types 


(E) The greater the sub-group conflict 
(opposition) 

(G) The greater the likelihood of new 
patterns of avoidance, segregation, 
stereotyping, discrimination, prejudice, 
domination, exploitation, elimination, 


and 





or annihilation 


(H) The less the likelihood of new patterns | 


of accommodation, assimilation, amal- ° 
gamation, coalescence, alliance, co- 
operation, and co-optation. 
Apparently there is some optimum range 
of variation within the extremes of processes | 
(G) and (H) that prevents the destruction 


of the larger system of which they are a4 


part. Too much “elimination,” for instance, 
would lead to the destruction of system 
parts; too much “assimilation” would mean 
the loss of dynamic adjustment. But this 
way of stating the problem is too indefinite 
to provide more than a hint of what is 
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involved.” Generally speaking, equilibrium 
is most easily achieved when system vari- 
ables either share a common relation, co- 
ordinate the component products of op- 
posing relations, or are united by means of 
functional relations that complement one 
another. We have already suggested, by 
reference to metrical requirements, why the 
character of such relations cannot be clearly 
indicated for sociological systems. 

Similar obstacles apply to the analytic 
formulation of the environmental milieu 
which may be assumed to govern sociological 
systems. Is our system valid for all societies 
or only a limited number of them? On what 
assumption, for instance, do we affirm the 
universality of social change together with 
individual diversity and group conflict? Is 
one of the premises underlying this as- 
sumption that of an imbalance between 
limited resources and services on the one 
hand and unlimited needs on the other? Is 
another premise the belief that there are 
situational constants that serve to forestall 
the disintegration of systems, that keep 
society, despite its disequilibrium, from 
falling apart? Furthermore, what are the 
goals (end-conditions) that serve to direct 
both the dominant system and its component 
subsystems? Are goals multiple and _hier- 
archically ordered, or discrete and loosely 
structured? In the absence of external 


, influences, is the tendency of every system 


best represented by the one way process of 
decreasing asymmetry? (See Whyte, 1949). 
If this is so, then the asymmetry of the 
end-conditions must be less than the asym- 
metry of the initial conditions, except when 
such end-conditions are directed by sub- 
systems whose symmetries are distorted by 
the wider system of which they are a part.® 

Granting that a unitary process applies to 
the goals of social systems, what are the 


7 For an informed and seminal analysis of the 
problematics of interdependence and equilibrium 
among parts, see the work of Gouldner (1959). 
Note also an article by D. Easton (1956). 

8 “Asymmetry is treated as the cause of change, 
and symmetry as the basis of stability. Instability 
implies asymmetry, and stability symmetry. . . 
The tendency for asymmetry to decrease is the 
formative principle necessary to account for the 
development and stability of regular forms.” 
(Whyte, 1949, p. 23.) 





specific kinds of relations through which it 
can be described? The goals of social systems 
are sometimes said to be those of mutual 
adaptation or adjustment. Is this process 
describable, then, on the analogy of physical 
science, as one of cyclical polarization? 
Frequently, the goals of social systems are 
taken to be the maintenance or reinforce- 
ment of social norms and values, a process 
often described as dependent upon a hier- 
archy of dominant-subordinate relations. 
On other occasions, the goals of social 
systems are phrased in terms of survival, 
including the gratification of biological and 
social needs. For these goals, processes 
describable through the transaction or 
transportation of elements from one system 
to another may be required. Always there is 
the basic question of whether system 
relations could be explained by some un- 
known or partially unknown principle of 
progressive development like parallel differ- 
entiation, self-regulation or self-facilitation.® 
Again, provisional answers to these and 
related questions will not be forthcoming 
until more determinate connections can be 
found between extra-system variables and 
intra-system variables. 


RATIONALE OF SYSTEM-CONSTRUCTIONS 


We turn, finally, to the question of how a 
systems approach to sociological variables 
may be justified.” How, in other words, can 
fruitfulness be achieved by simulating 
system-like relations among sociological 
generalizations when this simulation falls 
short of scientific adequacy? 

In all probability, sociology, along with 
other disciplines engaged in the task of 
system building, must seek justification in 
certain broadly recognized principles of 
congruence and coherence. The following 
principles are believed to be among those 
that underlie every serious attempt to order 
social phenomena in a systematic way. 

(1) System-like generalizations may be 
held to express certain ontological principles 


® For an illustrated account of the operation of 
these principles in natural science, see L. L. Whyte 
(1949, passim). 

10The general relevance of this question is 
ably discussed by H. Feigl (1950). See also the 
work by Ashby (1958) and Meadows (1957). 
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that cannot be shown to be either true or 
false, on the grounds that there are no 
events that could count for or against their 
confirmation." For instance, there appears 
to be no convincing way in which the 
statement, ‘Social changes influence all 
aspects of culture, society, and personality,” 
can be either verified or refuted. Thus, any 
social system comprised of culture, society, 
and personality which incorporates the 
variable of “social change” appears to 
articulate a universal metaphysical principle 
rather than a universal scientific law. Such 
principles are useful, for though they re- 
affirm what most professionals know, they 
are novel to the layman and must be taught 
anew to each rising generation of students. 
Supplementing this a priori view is the 
contention that any statement in sociology 
can be regarded as either ‘‘true’’ or “false,” 
depending on the sense conferred upon it 
by the context or system in which it is 
placed. In this view, tests of the true and 
the false are construed as relative to specific 
premises and goals, to the value coordinates 
that circumscribe the schemes within which 
they occur.” These coordinates consist of 
general notions of what is relevant, reliable 
or useful in the light of specific interests, 
needs, or objectives. 

(2) System-like generalizations imple- 
menting broad conceptions similar to “the 
varying heterogeneity of populations,” “the 
instability of social institutions,’ and “the 
ubiquity of sub-group conflicts,” may be 
adapted because they are the organizing 
principles upon which all sociological knowl- 
edge proceeds. Since they are among the 
most central notions in the professional 
language they must enter into every attempt 
to build an intelligible system of sociological 
relations. To deny or exclude them would 
be tantamount to abandoning the field of 
sociology as an academic discipline. A 
contrary premise of justification is based on 


11 This viewpoint is close to that which R. C. 
Buck (1956) attributes to the general systems 
theorists. 

12 No doubt, the professional reader will recog- 
nize this perspective as one of many that have been 
supplied by both American Pragmatism and the 
range of studies designated as ‘‘Wissenssoziolo- 


gie.”’ 
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the assumption that every system variable) dep 
can be joined through a nearly infinite sej| ™! 
of relations with other variables. For every| *€* 
variable there are others that either resemble] ( 
or differ from it in kind, quality, and degree,| 145 
The purpose of system-construction, then, oR 


is to reveal the recurrence or conjugate) 
correspondence of numerous types of 
lated variables, including the specific wa 
or several senses in which one variable 
be taken as the conceptual counterpa 








correlate, or complement of others." 4 pos 
(3) System-like generalizations weit be bel _ 
joined together in the manner of proposed| 92° 
rules of reasoning that are justified o . tru 
grounds of significance which differ, from 7 boc 
those of empirical adequacy. Here heuristie, | °° 
analogical, or nominalistic procedures may | Pe 
play a regulative role. The ends toward. of 
which the construction of such rules are| PF 
directed include the dialectical resolution cale 
of intellectual perplexity, the adjudication plac 
of claims for analytical or perspectival | V4" 
priority, and the legislation of paradigmatie | AS: 
structures to meet some pragmatic demand, | 124 
The more extreme view would claim that it | ¥ 
is these circumstances and not the search for this 
“objective” scientific truth that induces} 2% 
sociologists to adapt the criteria of ap-| Stil 
praisal that are normative in their pro- “ 
fession. From this viewpoint, most citations | fron 
of scientific sources are signals of agreement {195 
and disagreement, exhortations of what or 
should or should not be done. Note, for) the | 
instance, how the word “empirical’’. ig, mus 
constantly introjected into sociological = 
writing without the slightest attempt to pod 


13 Cf. the formulations of Malisoff (1945) aa ° is 
Bertanlanfiy (1955). Underlying this general view- | | 
point is the notion that conceptual systems are. 
free creations of the human mind by which man_ 
attempts to cope with his world. Note, for in- 
stance, the personal statement of N. Wiener (1959, 
p. 324): “To me, logic and learning and all mental | more 
activity have always been incomprehensible as a and | 
complete and closed picture and have been under/ ang 
standable only as a process by which man puts; pin, 
himself en rapport with his environment... . In shap 
this, our main obligation is to establish arbitrary! we >, 
enclaves of order and system. These enclaves will howe 
not remain there indefinitely by any momentum) .),), 
of their own after we have once established them. 
Like the Red Queen, we cannot stay where we are 
without running as fast as we can.”’ 
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explore its conceptual foundations." ““Empir- 
ical truth” may be regarded, therefore, as 
dependent upon the ceremonially deter- 
mined correspondences of one verbal con- 
text with another. 

(4) System-like generalizations may be 
justified on the basis of doctrinal judgments 
that include private convictions and the 
habits of academic thought. For instance, 
if most sociologists believe on faith that 
variable A is correlated with variable B, we 
have a relation between variables which may 
or may not be determined by the truth 
possibilities of A and B. The two variables 
could both be false, or both true, or either 
one of them could be false and the other 


| true. These judgments seem to rest on the 


premise that most co-relations among 


+, | sociological variables are determined by 
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| personal commitments or the probabilities 
.| of conventional associations.” 


On this 
premise, collective usage alone enables us to 


| calculate the “meaning” of a variable at one 
| place in a system from the meaning of other 
‘| variables at other places in the same system. 


As a result, the conformity of fact to general- 
ization cannot be proved ouiside the frame- 


1 work of some conventional set of words. In 


this sense, connections between variables 
are not universal, necessary, or immanent. 
Still, to entertain system-like relations as 


4% Though his conceptual orientation differs 
from the one mentioned here, C. G. Hempel 
(1952 b; 1959) has had much to say about both 
heuristic maxims and the limitations of empirical 
criteria in science. From another quarter, consider 
the passage from H. Vaihinger (1925, p. 15): ‘‘It 
must be remembered that the object of the world 
of ideas as a whole is not the portrayal of reality— 
this would be an utterly impossible task—but 
rather to provide us with an instrument for finding 
our way about more easily in this world.”’ 

1% Among the host of writings that are com- 
patible with this viewpoint, the most monumental 
is probably that of M. Polanyi (1958). The follow- 
ing citation, though typical, belies the huge quan- 
tity of ‘“‘evidence”’ that Polanyi offers in support 
of his thesis: ‘‘We must now recognize belief once 
more as the source of all knowledge. Tacit assent 
and intellectual passions, the sharing of an idiom 
and of a cultural heritage, affiliation to the like- 
minded community: such are the impulses which 
shape our vision of the nature of things on which 
we rely for our mastery of things. No intelligence, 
however critical or original, can operate outside 
such a fiduciary framework.”’ 
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ideal possibilities, contrived ways of postu- 
lating unification among generalizations, 
does not preclude the likelihood that they 
may later serve as leading themes for 
motivating empirical investigation. 

(5) System-like generalizations may be 
justified because there is some small but 
positive probability that they are empuiri- 
cally related. Perhaps the phenomena to 
which these generalizations refer have been 
found, on the basis of informal observations, 
to be more often associated than not. Or it 
is assumed that even though the empirical 
association of generalizations has not yet 
been confirmed, there is analogical evidence 
that they could provide a minimally ade- 
quate account of observed phenomena. For 
these reasons, they recommend themselves 
for further investigation. In brief, system 
relations are justified because they are 
plausible. As evidence accumulazes in sup- 
port of the proposed relations, they become 
increasingly likely and finally highly prob- 
able.’* The more extreme view would hold 
that empirical generalizations are derived 
from uniformities in perceptusl behavior or 
speech styles, regardless of how these uni- 
formities are ultimately justified. Thus the 
statement, “All A’s are probably B’s’’ is 
acceptable only when mzany independent 
interpreters agree that each one’s limited 
sample exhibits this relation, a sample more 
accurately described as “Some (all experi- 
enced) A’s are probably B’s.”’ On this 
interpretation, whatever is repeatable in the 
communication of men everywhere reflects 
no more than the uniformities of their 
human nature. 
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Psychoanalytically oriented social scientists have proposed a “projective” 


view of the political 


system in which early family relationships serve as 


models for adult political behavior. Anthropological field reports indicate that 


the extension of the family idiom to political rela 


tionships is widespread in 


non-Western cultures, particularly those with stateless political systems: Here 
the author proposes to show the relevance of social-psychological theories to 
political anthropology, indicating that cross-cultural testing of the derived 
hypotheses is feasible using available ethnographic evidence. 


THE ROLE OF THE FAMILY IN AUTHORITY SYSTEMS: A CROSS-CUL- 
TURAL APPLICATION OF STIMULUS-GENERALIZATION THEORY' 


by Robert A. LeVine 


University of Chicago 


NTHROPOLOGICAL studies of political or- 
ganization have suffered both from a 
lack of testable hypotheses and from too 
dis’ ~* a relationship with the other be- 
havioral sciences in which relevant hypoth- 
eses have been developed. This theoretical 
lacuna has resulted in a primary devotion to 
description and the creation ’of ad hoc 
taxonomies. Fallers (1956) and Eisenstadt 
(1956, 1959) have attempted to remedy this 
situation by the use of sociological theory 
in their analyses of nonliterate political 
systems. In this paper I propose to show 
the relevance of social-psychological theories 
to the materials of political anthropology 
and to formulate hypotheses which can be 
tested cross-culturally. 

Psychoanalytically oriented social scien- 
tists have suggested that the authority 
structure of the family is a major determi- 
nant of adult political behavior. Parent-child 
and sibling relationships are seen as models 


| which the individual internalizes and applies 


to the authority system of the wider society. 
This theoretical position might be termed a 
“projective” view of the political system, 
since it assumes for the political aspect of 


, culture what Kardiner assumes for religion, 





viz., that the adult beliefs and attitudes are 
projections of the family situation of early 


1 An earlier version of this article was presented 
in a symposium on systems of authority at the 
American Anthropological Association meeting in 
Mexico City on December 29, 1959. 
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childhood. To what extent is this view valid 
for any or all societies? Are some political 
systems more projective than others? What 
are the social characteristics of more or less 
projective political systems? These are the 
questions to which this paper is addressed. 
One of the simplest and most fundamental 
questions we can ask regarding this problem 
is whether there is respectable ethnographic 
evidence indicating that this projective 
phenomenon is at work in any political 
system. For such evidence we can turn to 
several British social anthropologists who 
have studied stateless societies in Africa 
which are characterized by segmentary 
lineage systems. A stateless society is 
typically a human population with con- 
siderable linguistic and cultural homo- 
geneity inhabiting a continuous territory, 
recognizing itself as distinct from sur- 
rounding peoples, and lacking a central 
government. Segmentary lineages are the 
dominant form of socio-political organiza- 
tion in one type of stateless society.? Evans- 


2 A segmentary lineage is typically a patrilineal 
descent group which is subdivided into segments 
each of which is itself a patrilineal descent group 
encompassing several segments and so on, in 
pyramidal fashion. At the top of the pyramid is the 
maximal lineage, which may be an exogamous clan 
or the entire society of several hundred thousands 
persons; at its base are the minimal lineages, 
usually extended family units; in between are 
lineages of varying size and scope. The organiza- 
tion of lineages at all levels is essentially similar: 
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Pritchard presents the following data on the 
Nuer perception of their inter-group re- 
lationships: 


There are also more general and mythological 
relationships between clans. In recounting these, 
Nuer personify the tribes and give them a kinship 
value. . . Thus, they speak of Bor, Lang, Lou,.. . 
etc. as though they were persons and could have 
kinship relations between them like those between 
persons. .. (1940, p. 237) 


Fortes makes the following statement for 
the Tallensi: 


So all major segments of a lineage of any span 
are... described as “‘brothers’’ to one another. 
Their lineage ties, summed up in the concept 
“brotherhood,’’ are thought of as being founded 
on, or derived from, the ties that hold between 
brothers. (1949, p. 32) 


Southall is most explicit about the re- 
lationship in his analysis of the Luo lineage 
system. He says, 


The importance of the family to the lineage is 
shown by the fact that Luo regard every seg- 
mentary relationship as having its symbolic proto- 
type within the compound polygynous family. 
(1952, p. 6) 


He summarizes as follows: 


Throughout, the behavior of segments is largely a 
repetition on the group plane of certain attitudes 
of individuals within the family, the people them- 
selves regarding the lineage system as a magnified 
reflection of the family process. (1952, p. 39) 


Finally, Fortes, in reviewing the literature 
on unilineal descent groups, makes some 
relevant generalizations. 


We now have plenty of evidence to show how the 
tensions that seem normally to arise between 
spouses, between successive generations and be- 





a group of men tracing their patrilineal ancestry to 
a founder. At different levels the lineages differ 
in size and genealogical depth; they may or may 
not be territorial units. Segments of a lineage 
combine for ancestral rituals and military opera- 
tions against other lineages of the same level, 
but the same segments may at other times fight 
one another, at least in some societies. Each 
lineage, no matter how large, presumably began 
as the family of its founding ancestor, thenceforth 
grew and subdivided into segments, and con- 
tinues to do so. For more adequate and extended 
definitions, see LEvans-Pritchard (1940) and 


Middleton and Tait (1958). 
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tween siblings find expression in custom and 
belief. In a homogeneous society they are apt ., 
be generalized over wide areas of the social strug 
ture. (1953, p. 35) 


This latter proposition concerning the ; 
conditions under which family relationship 
are generalized, or extended, will be con-) 
sidered in detail later in this paper. At thi 
point suffice it to say that students of) 
segmentary lineage systems have repo ed | 
that the actors in such political systems! 
conceptualize inter-group relationships in’ 
an idiom derived from family relationships, 

It might be thought that this extension | 
of the family idiom were limited to 
mentary lineage societies, where there is a} 
unique congruence between genealogical and | 
political relationships. In fact, however, 
such extensions may be found in societies” 
which do not have lineage systems. In those” 
East African societies in which age groups 
not based on descent are the major social 
units, relations between age-sets are usually 
framed in the idiom of father-son or grand- 
father-grandson relationships. Nor is this 
phenomenon limited to Africa. The Iroquois 
conceptualization of their tribal confedera- 
tion as “the long house,” referring to the 
building which houses their nuclear matri- 
lineage, has long been well known. Oliver 
reports that among the Siuai people of 
Bougainville, ‘the leader is always called a 
mumi, while all other members of the men’s. 
society are sometimes referred to as the 
leader’s kitoria (children)...’’ (1955, p. 404). 
In the prevailing Confucian doctrine of 
traditional Chinese society, the relationship 
between emperor and subjects was explicitly 
modelled on father-son and elder brother- | 
younger brother relations. Examples from 
societies in different parts of the world 
could be multiplied. It is clear that the 
extension of the family idiom to political 
relationships is a recurrent, though by no 
means universal, phenomenon. 

I am making the assumption, which can be; 
empirically tested, that this linguistic and 
cognitive generalization reported by ethnog- 
raphers is assocated with the generalization 
of attitudes and behavior patterns from the, 
family to the political system. A similar 
assumption was made by Murdock in his 
study of kinship, in which he cited psycho- 
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logical findings to the effect that, “...with 
human subjects, responses are more likely 
to be transferred from one stimulus to 
another when they are given the same name 
than when they are given different names,” 
(1949, p. 313). 

In this paper I shall propose a theory to 
specify the conditions under which the 
extension of behavior patterns from the 
family authority system to the wider 
political authority system takes place and 
the conditions under which it does not take 
place. A contrast between the political 
socialization process among the Gusii*® of 
Kenya and contemporary Americans will 
serve to introduce this theory. 


: ‘ Two political socialization processes 


The Gusii had a stateless political system 


‘ with segmentary patrilineages and the blood 
| feud. There were no hereditary leadership 


positions. At the local community level 


} elders jointly made the important judicial 


and military decisions, with wealthy elders 
playing a more important role in decision 
making than those who were poor. A high 
degree of lineage localization meant that 


. | community elders were classificatory or real 
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kin to other members of the community. For 
the male child growing up in this system, 
the political socialization process had im- 
portant continuities. Since patrilocal resi- 
dence and the patriarchal extended family 
prevailed, a young man never left the home- 
stead of his father during the latter’s lifetime. 
Thus his relationships with his parents and 
brothers were not left behind him as he grew 
up and married but continued to be an im- 
portant part of his environment. The 
important figures in the community political 
system were his classificatory fathers, 
brothers, grandfathers, and sons. The role 
that he had learned to play in the authority 
system of the polygynous extended family 


| was an adequate if not perfect guide to 


can be / 


behavior in the community and beyond, 
wherever lineage ties were operative. Rela- 
tionships of equal status were assimilated to 


* Field work among the Gusii was carried out 
in 1955-57 with the support of a Ford Foundation 
Fellowship and the assistance of my wife, Bar- 
bara B. LeVine, who also assisted in the prepara- 
tion of this article. 
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that of brothers with its informality and 
competitiveness. Relationships of unequal 
status were assimilated to that of father 
and son, with respect and obedience prevail- 
ing. Primary socialization, to use Parsons’ 
term, was not entirely distinct from second- 
ary socialization into the political role 
system, since primary socialization in the 
family did not have to be supplemented or 
counteracted by specific preparation for 
political participation. It is notable and 
relevant here that the Gusii use the same 
word, egesaku, to refer to the nuclear lineage 
of a single family head, and to a lineage of 
any order, an entire tribe, or a nation such 
as Kenya or the United Kingdom. 

By way of contrast we may look at politi- 
cal socialization in the United States or any 
other complex nation-state. Here, many 
obstacles stand in the way of an individual’s 
using his role in the family authority system 
as a guide to behavior in the political system. 
For one thing, there exists a state with its 
own rules and expectations of behavior 
which are different from those of the family. 
Thus the lessons which the child learns by 
imitation in the family are unlikely to be 
applicable to political role-playing. Secondly, 
American society has neolocal residence 
and elaborate institutional arrangements 
for secondary socialization—schools, peer- 
groups, specialized training programs—all 
of which provide non-familial role models 
for the learning of authority relationships. 
Kisenstadt (1956) has emphasized the role 
of the age group as a kind of decompression 
chamber for the individual emerging from 
his family into the wider social system. In 
psychological terms we might say that 
secondary socialization has a retroactively 
inhibiting effect on the habits learned in the 
family authority system; it tends to supplant 
them with new habits more appropriate to 
political role-playing. Thirdly, the cultural 
heterogeneity of American society diminishes 
the impact of primary socialization on the 
political system. Class, ethnic, and regional 
groups form subcultural units with differing 
socialization practices and family authority 
patterns. Since many aspects of the political 
system cut across these subcultural units, 
it is not possible for an individual political 
participant to assume that the persons with 
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h m he is interacting have the same sort of 
family background as himself. For all of 
these reasons, then, we are less likely to find 
Americans extending their family behavior 
patterns to the political system then we are 
to find the Gusii doing so. 


Transference conditions 


Implicit in this comparison are a number 
of hypotheses about the conditions which 
facilitate a transfer of habits from the family 
role system to the political authority system. 
Several of these hypotheses can be subsumed 
by the proposition that in stateless societies 
more of these facilitating conditions are 
present than in societies with centralized 
states. For example, there is the hypothesis, 
consistent with the above statement by 
Fortes, that cultural homogeneity leads to 
generalization of family authority pattern, 
while cultural heterogeneity hinders such 
generalization. This can be translated into a 
statement about attributes of the political 
system when we take into account the corre- 
lation between social stratification, which 
contributes to subcultural variation, and 
political development. Using Murdock’s 
(1957) classification of a world sample of 
518 societies, it is possible to divide them, 
as in Table 1, into two groups: one with 
political integration at the local community 
level or lower, which contains most of the 
societies usually thought of as ‘stateless,’ 
and one group with supra-community inte- 
gration, which contains societies with 
centralized political organizations (states). 
These can be dichotomized again according 
to whether or not they possess a class 
structure (aside from slavery). Those 
societies with either an hereditary aris- 
tocracy or more complex stratification are 
classified as having a class structure, while 
those which only have age-grades, individual 
wealth distinctions, or no stratification are 
classified as lacking a class structure. Table 
1 shows a highly significant degree of associa- 
tion between supra-community political 
integration and the presence of a class 
structure, not only for the world sample as a 
whole but also for five of the six areas of the 
world on which the hypothesis was inde- 
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TABLE 1 


RELATION BETWEEN Ciass STRUCTURE AND 
POLITICAL INTEGRATION IN 518 SOCIETIES 


(Data based on Murdock, 1957) 


























Oe oie 
ass o ass ae 
Area Structure) § Soci- | ¥ | x* | od 
na eties” 
World Present | 170 32 
(total) Absent 75 94; [518 {180.5 | <.001 
Africa Present 41 3 
‘Ahenes 18 go [ML | 46.9)  <.001 
Circum- Present 47 2 
Mediter- | Absent 15 4 68 | 4.9 <.05 
ranean 
South Present 12 4 
America | Absent 4 51 71 | 32.6 <.001 
Insular Present 21 11 
Pacific Absent 10 51 93 | 22.9 <.001 
East Present 40 1 
Eurasia Absent 6 23 70 | 44.6 <.001 
North Present 9 11 sen eo Not signif: 
America | Absent 22 ion wh 





pendently tested. North America is the only 
exception. This means that by and large we 
can expect stateless societies to have less of 
the subcultural variation to which a class 
structure gives rise. With less subcultural 
variation, it should be possible for che actors 
in stateless political systems, who are 
homogeneous with respect to family back- 


ground, to use family roles as a guide to 


political behavior. This would explain why 
even those stateless societies which do not 
have lineage systems are able to use the 
family idiom in their political concepts, 
while many state societies are not. 

Other conditions which facilitate or 
hinder transfer of habits from the family 
role system to the political role system are 
the properties of the political environment 
as perceived by individuals within it. More 
specifically, the extent’ of such transfer 


should vary with the degree of perceived | 


similarity between family roles and political 
roles. In the language of the psychology of 
learning, stimulus equivalence must be 
established for generalization to take place. 
The more a new stimulus is perceived as 
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being equivalent to a previously condi- 
tioned stimulus, the greater the similarity 
of the response elicited by the new stimulus 
to the previously conditioned response. 
Since Hull (1950) regarded stimulus generali- 
zation as a primary social science law, we 
feel justified in applying it to the problem 
at hand. The greater the number of stimulus 
elements which the political environment 
and family environment have in common, 
the greater the degree to which individuals 
will extend their family response patterns to 
the political sphere of action. The elements 
which promote or inhibit perception of 
stimulus equivalence between family and 
political system can be called, after Mur- 
dock’s (1949, p. 136) study of stimulus 
generalization in kinship, social equalizers 
and social differentials. In this case a social 
equalizer is an aspect of social structure 
which creates perceptible similarities be- 
tween the family and political system; a 
social differential is an aspect of social 
structure which increases the perceptible 
dissimilarities between the family and the 
political system. 

A list of possible social equalizers in this 
sense would include the following: the pres- 
ence of corporate descent groups above the 
family as major social. institutions, the 
localization of descent groups, and the use 
of kinship terms within territorial units. 
All of these should, theoretically, act to 
establish for the individual an equivalence 
between the family in which he was raised 
and the wider society, including its political 
system. Social differentials would include 
the presence of non-descent groups such as 
age-groups and secret societies as major 
social institutions, and the presence of 
specialized and stable political structures at 
the supra-community level. The presence of 
non-descent groups should serve to make the 
wider society distinct from the family, and 
specialized, stable political structures should 
make politics a clearly differentiated form 
of behavior with norms of its own. 

On the basis of the above theoretical 
framework, it is possible to formulate some 
testable hypotheses, using as the dependent 
variable the congruence of community and 
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supra-community authority patterns with 
family authority patterns. Four such hypothe- 
ses follow. 

1. The degree of congruence is inversely 
related to the amount of social stratification. 

2. The degree of congruence is inversely 
related to the specialization and stability 
of supra-community political structures. 

3. Among societies of a given level of 
political integration (such as the local 
community or nation level), the degree of 
congruence isdirectly related to the presence 


_ of corporate descent groups, the degree of 


localization of descent groups, and the use 
of kinship terms within territorial units. 
4. Among societies of a given level of 
political integration, the degree of congru- 
ence is inversely related to the presence of 
procedures for secondary socialization: such 
as schools, institutionalized peer groups, 
and military training programs, through 
which actors in the political system must 
pass. 
I believe that it is possible to devise 
means of testing these hypotheses using 
available ethnographic evidence. My pur- 
pose in this paper has been to demonstrate 
that social-psychological theory, when ap- 
plied to the materials of political anthro- 
pology, can yield propositions which are 


worthy of cross-cultural investigation and 


which may advance our understanding of 
political behavior. 
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Master Pangloss. .. could prove to admiration that there is no 
effect without a cause, and in this best of all possible worlds the 
baron’s castle was the most magnificent of all castles, and my lady 
the best of all possible baronesses. 

“Tt is demonstrable,” said he, “that things cannot be otherwise 
than they are; for as all things have been created for some end, 
they must necessarily be created for the best end. Observe, for in- 
stance, the nose is formed for spectacles; therefore we wear spec- 
tacles. The legs are visibly designed for stockings; accordingly we 
wear stockings. Stones were made to be hewn and to construct 
castles; therefore my lord has a magnificent castle; for the greatest 
baron in the province ought to be the best lodged. Swine were in- 
tended to be eaten; therefore we eat pork all the year round. And 
they who assert that everything is right, do not express themselves 
correctly; they should say that everything is best.” 


VoLTalRE, Candide or the Optimist 











What is important to emotionally disturbed patients? Does a schizophrenic 
; with paranoid trends conceive of the good life in the same way that a normal 
person does? Here values of a group of patients are compared with those 
dominant in the culture in which they live. Comparisons are also made of 
values among persons with different types of disturbances—a quantitative 
study which parallels clinical observations of these patients. Investigating 
value patterns in emotionally disturbed persons may provide new insights into 

the characters of normal and above-normal persons. 


VALUES OF PSYCHIATRIC PATIENTS 


by Charles Morris, Bernice T. Eiduson, and Denis O’Donovan' 


University of Florida, Reiss-Davis Clinic for Child Guidance (Los Angeles), and University of Missouri 


INTRODUCTION 


dE interest of this study is in comparing 

the values of a group of psychiatric 
patients with the values dominant in the 
culture in which they live, and in comparing 
the values found in persons with different 
types of disturbance. Varieties of Human 
Value (Morris, 1956) studied the ‘‘concep- 
tions of the good life’ of college students in 
a number of cultures. The basic material 
used for this purpose was the preference 
ratings of these students on 13 possible 
“ways to live.”’ The students indicated their 
degree of liking of the alternatives by assign- 
ing to each a numerical expression from 7 to 
1, ranging from extreme liking, through in- 
difference, to extreme disliking. Since it was 


1 The aid of the following persons is gratefully 
acknowledged. From the Hacker Clinic Associates 
(Beverly Hills, California): Frederick J. Hacker, 
M.D.; Elizabeth A. Beale, Ph.D.;,Weldon C. 
Bembower, M.D.; John R. Black, M.D.; Esther 
Gordon Cohen, M.S.S.; Marcel Frym, J.D.; 
Eleanor R. Gunter, M.A.; Werner Koenig, M.D.; 
M. John Schumacher, M.D.; Richard E. Timmer, 
Ph.D.; and Helen G. Tomkins, M.S.S. From the 
Department of Psychology, University of Florida: 
Professors Richard J. Anderson, Bradford N. 
Bunnell, Malcolm H. Robertson, and Audrey 
Schumacher. From the Statistical Laboratory of 
the University of Florida: Professor Herbert A. 
Meyer and his associates, especially Professor 
Ernest J. Lytle. Dr. Rahe B. Corlis, Mr. William 
H. Wharton, and Mr. Donald M. Hartsough also 
contributed their services. The collection of data 
was in part sponsored by the Hacker Foundation 
for Psychiatric Research and Education, Beverly 
Hills, California. 
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shown that these numerical expressions 
could be treated as integers, statistical com- 
parisons could be made across cultures and 
between various groups within a culture. 
The present study extends these methods 
into the field of the mentally ill. The work 
is conceived as distinctly exploratory in 
nature. Its purpose is to inquire whether the 
study of values and value patterns can sug- 
gest meaningful hypotheses in the study of 
personality disturbances. 

The main subjects were 50 outpatients of 
the clinic of the Hacker Foundation for 
Psychiatric Research and Education. Each 
of these rated the 13 “‘ways to live.”? Mem- 
bers of the staff of the clinic diagnosed the 
patients and assigned each of them a rating 
as to the degree of severity of their disturb- 
ance. A brief description of their symptoms 
was also furnished. In addition to this 
material, the spouse of each patient rated 
the 13 “ways to live,” or, if the patient was 
not married, a rating was secured from the 


2 In the main, the Ways were given as part of 
the battery of psychological tests (The Wechsler- 
Bellevue Intelligence Test, The Rorschach Test, 
The Thematic Apperception Test) when the 
patient was being diagnostically evaluated in 
order to determine the nature of his emotional 
disorder and the need for psychotherapy. About 
one-quarter of the subjects were already in psy- 
chotherapy when the Ways document was pre- 
sented to them. All subjects were instructed to 
fill out the document at home, and return it to the 
clinic. They were also instructed to have their 
spouse or closest friend fill out the document. 








298 


“closest friend” of the patient. Finally, a 
control group of 50 persons was formed, 
matching the 50 patients with respect to 
sex and age. Since the patients lived in a 


large urban area, the control group was © 


limited to persons living in such areas. Thus 
the total group of subjects was 150, equally 
divided into patients, spouses or friends, 
and controls. 

Twenty-three of the patients were men. 
They ranged in age from 27 to 44, with a 
mean of 32.7, a median of 33, and a mode of 
29. Male controls matched male patients in 
age precisely. 

Twenty-seven of the patients were women. 
They ranged in age from 23 to 45, with a 
mean of 34, a median and a mode of 33. 
Female controls were matched person-for- 
person with differences in age of less than 
two years, preserving the same mean and 
median. 

Ages of spouses and friends fell within the 
Same range, with the exception of one 
husband of 57 and the only parents in- 
cluded in the study, two mothers of 50 and 
58 and a stepmother of 53. The median age 
was again 33. 

The ‘‘Ways to Live” document which was 
rated by these 150 persons is given in full in 
Varieties of Human Value (Morris, 1956). 
Table 1 gives a brief deserption of the 
central emphasis of each of the Ways. These 
descriptions were not given to the subjects, 
but will indicate the range of values here 
under consideration. 


TABLE 1 
EssENTIAL EMPHASES OF THE Ways To LIVE 








preserve the best that man has attained 


Way 1: 

Way 2: cultivate independence of persons and 
things 

Way 3: show sympathetic concern for others 

Way 4: experience festivity and solitude in al- 
ternation 

Way 5: act and enjoy life through group partici- 
pation 

Way 6: constantly master changing conditions 

Way 7: integrate action, enjoyment, and con- 
templation 

Way 8: live with wholesome, carefree enjoyment 

Way 9: wait in quiet receptivity 

Way 10: control the self stoically 

Way 11: meditate on the inner life 

Way 12: chance adventuresome deeds 


Way 13: obey the cosmic purposes 
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TABLE 2 
MEAN RatINGs OF THE Ways FOR PATIENTS, 











ConTROLS, SPOUSES AND FRIENDS 
Ways Patients (50) Controls (50) a (50) 
1 4.80 5.56 4.74 
2 2.82 2.68 2.96 
3 3.94 4.70 3.84 
4 3.72 3.66 3.88 
5 4.00 4.02 3.94 
6 3.84 4.56 4.22 
7 5.62 5.90 5.54 
8 4.06 4.36 4.48 
9 2.80 3.04 2.48 
10 3.06 3.62 3.38 
11 2.50 2.76 2.78 
12 3.78 4.00 3.64 
13 2.66 2.43 2.76 
Sum 47.60 51.29 


48 .64 





THE THREE GROUPS CONSIDERED 
AS WHOLES 

The first striking fact to emerge in this 
study is the general similarity of the value 
profiles of the patients, the spouses and 
friends, and the controls. The mean ratings 
of these groups for the 13 Ways are given in 
Table 2. 

The Pearsonian correlations between the 
means of the various groups are high: .96 
between patients and controls, .94 between 
spouses or friends and controls, .97 between 
patients and spouses or friends. Thus the 
general value profiles show little difference. ; 
A further measure of this difference is given 
by the D statistic:* the D’s corresponding to 
the above r’s are 1.55, 2.01, and .84. The D> 
of 1.55 between patients and controls is less 
than the D’s between cultures (see Morris, 
1956, table 9, p. 48), and comparable D’s are 
found between various groups within the 





United States itself (Morris, 1956, pp. 72, 
84, 104, note 10). Since the control group 
has a correlation of .97 with a large sample 
of college students (V = 2,846),‘ the pa- 
tients, and their spouses or friends, clearly | 
fall within the dominant American value | 

*The D is found by, taking the differences | 
between means, squaring the differences, adding | 
the results, and taking the square root of the | 
resulting sum. (See Osgood and Suci, 1952.) 

4 See last column of Table 22, p. 72, in Morris | 
(1956). 
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VALUES OF PSYCHIATRIC PATIENTS 


pattern. They do not, in general, repudiate 
the values of their culture; they are for the 
most part simply having difficulty in achiev- 
ing them. 

Nevertheless, certain differences between 
the patients and the controls are important. 
The patients on the whole like the Ways less 
than do the controls: the average rating in 
the first case is 3.63, and in the second case 
3.94. The distribution of ratings by patients, 
regardless of the Way being rated, is 
weighted toward the dislike end, and this 
difference is significant at the .05 level 
(Kolmogorov-Smirnov test). 

Secondly, the patient group is consider- 
ably less homogenous in their likings than 
the control group. Only five ways received 
more than two ratings of 7 (‘“‘like very 
much”) in the control group, while ten 
Ways received more than two ratings of 7 
in the patients. And in general the standard 
deviations of the ratings of the Ways were 
larger in the patients than in the controls. 
Total liking, i.e., the total number of points 
given to all thirteen of the Ways by a given 
person, varied much more with patients 
than with controls, and tended to agree 
closely with total likings of their spouses 
and friends. 

The most important difference between 
patients and controls is on Factor A. The 
score on Factor A is the sum of the ratings 
of Ways 1, 3, 6, and 10 minus the rating of 
Way 4. Factor A may be characterized as 
“social restraint and self-control.” A fuller 
description is as follows: “The stress is 
upon responsible, conscientious, intelligent 
participation in human affairs. The orienta- 
tion is primarily moral. There is awareness 
of the larger human and cosmic setting in 
which the individual lives and an acceptance 
of the restraints which responsibility to the 
larger whole requires. The accent is upon 
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the appreciation and conservation of what 
man has attained rather than upon the 
initiation of change. The antithesis of the 
trait is unrestrained and socially irrespon- 
sible enjoyment” (Morris, 1956, p. 33). 

The patients as a whole are markedly 
lower on Factor A than are the controls. 
The chi-square for the difference between 
the scores on Factor A of all patients and all 
controls is significant at the .01 level. The 
difference is largest in the case of the males: 
the average score on Factor A of the male 
controls on a 7-point scale is 5.2 while that 
of the male patients is 3.6. 

In summary, the patients as compared 
with the controls show less liking for the 
Ways as a whole, are less homogeneous as a 
group in their values, and value less the 
Ways which stress behavior under the con- 
trol of social norms and the needs of others. 
Hence while the order in which the 13 
Ways are liked by the patients is much like 
the order of liking in the controls and in 
Americans generally, there are nevertheless 
important differences in the values of the 
two groups. In particular the values of the 
patients are more egocentric and less socially 
oriented and socially controlled. 

This latter finding may be a first hint that 
the Ways are picking up certain differences 
in personality makeup despite the patient 
group’s general adherence to the larger 
cultural value pattern. Their lower score on 
Factor A may be reflecting the temporary 
turning to the self that comes whenever a 
patient is beginning to examine his own 
behavior and personality patterns that have 
been urged upon him by his symptomatic 
problems. On the other hand, the lower score 
on Factor A may be a manifestation of 
difficulties that have been apparent in other 
spheres of life. 




















TABLE 3 
MEAN RatinGs or Ways BY Masor Groups 

(v) Group Sere oe Sh Rts iS He ee fs Sum 
oa ; ; ee ee” ee css —|— wm 5 Sari as Sa | | 
18 | Neuroties 5.28 2.61, 4.00 3.78 4.17 3.78) 6. 22) 4. 94 a 11) 3. 11) 2. 56 4. 06) 2.78) 50.40 
17. Personality 4.41, 2.94, 4.35) 3.59) 3. 94 3.47) 5.29) 3. 82 2.82) 3. 29 2. 24) 3. 35) 2.41) 45.94 

disorders | 
12 | Schizophrenics 4.67 2.83) 3.25 3.58) 3. 83 3.83) 4. 92! 3. 50 2. 58) 2. 92 2. 58 3. 83) 2.83) 45.17 
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SUB-GROUPS AMONG THE PATIENTS 


While the score on Factor A _ distin- 
guished quite well the patients as a whole 
from the controls (and that is its merit), it 
does not significantly distinguish between 
sub-groups of patients. Table 3 gives the 
mean ratings of the Ways for three patient 
sub-groups: personality disorders, neurotics, 
and schizophrenics.’ Table 4 gives the rank 
order correlations between these three 
sub-groupings. 

It is evident from these tables that the 
over-all value patterns of these sub-groups 
have much in common. But again there are 
interesting differences between them. 

The E between the neurotics and the 
schizophrenics is 2.24, which is larger than 
the D between the patients as a whole and 
the controls. This difference, however, is 
largely determined by the higher liking by 
the neurotics of two of the Ways—Way 7 
(integrate action, enjoyment, and contem- 
plation) and Way 8 (live with wholesome, 
carefree enjoyment). The differences on these 
two Ways are statistically significant. The 
score for Factor A is higher for the neurotics 
than the schizophrenics, and so is the total 
liking for the 13 Ways. The Ways which 
involve interaction with other persons are 
all higher for the neurotics (Way 3, show 
sympathetic concern for others; Way 5, act 
and enjoy life through group participation; 
Way 8, live with wholesome, carefree enjoy- 
ment). While the patients as a whole are 
more egocentric than the controls, the 
schizophrenics are more egocentric than the 
neurotics (See Table 8). 

Nothing clear stands out in the group of 
personality disorders. Their ratings do not 
vary systematically with respect to the 
neurotics or schizophrenics. 

Table 5 gives the mean ratings of the 13 
Ways for a further breaking of the patients 
into 7 sub-groups. Because of the small size 
of these groups, few statistically significant 
results can be claimed. Some trends, how- 


5 All the psychotics in the sample were schizo- 
phrenics. Hence the use of this term here. The NV 
of 47 in Tables 3 and 4 is due to the exclusion of 
the 3 psychophysiological patients, who were not 
assigned to one of the three groups here con- 
sidered. 
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TABLE 4 


Rank ORDER CoRRELATIONS BasED ON MEAN 
> = 
Ratinas*or13 Ways BY DIFFERENT Groups 








Schizo- Personal- 





Control phrenics pF song 
Neurotics (18) .89 .86 .90 
Personality disorders .92 85 xX 
(17) 
Schizophrenics (12) xX X 


.83 





ever, can be noted as hypotheses for further 
work. 


The hysterics 


The term ‘hysteric’ is not used in the 
American Psychiatric Association classifi- 
cation. We have retained that classification 
in this study, however, because the number 
of subjects was not sufficient to break the 
category down into the newly proposed 
groupings. We have considered five patients 
with psychophysiological involvements sepa- 
rately, although in the old diagnostic 
schema these would have been considered as 
hysterics. The similarity of the two groups is 
apparent in Table 5, where the sum of mean 
ratings is uniquely high. All of those here 
called hysterical are labeled X01 or X04 in 
the A.P.A. classification. They are patients 
1, 10, 11, 17, 24, 25, 34, 45.7 None of these 
patients had any physiological involvements 
as primary symptoms. 

The hysterics give a higher total rating to 
the 13 Ways than any other group (though 
only slightly higher than the physiological 
group). The high mean rating of Way 8 (live 
with wholesome, carefree enjoyment) is 
noticeable, distinguishing them most sharply 
in this respect from the more dependent 





passive aggressives. In terms of rank order, | 


the hysterics rate Way 2 (cultivate inde- 


pendence of persons and things) lower than | 


any other group (though Way 2 is generally 


ranked low by all the groups). They in | 
general think highly of Ways which relate / 


6 “X01’’, ete., are abbreviations for the com- 
plete classifications given in the Diagnostic and 


Statistical Manual of the American Psychiatrie } 


Association. 

7 Copies of the original data on these patients 
and the other patients can be obtained from the 
authors. 
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TABLE 5 
Megan Ratines or Ways BY Some SELEcTED Groups oF PATIENTS 
(N) Group 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | Sum 
8 | Hysterics 5.25) 2.38] 4.88) 3.88) 4.88) 4.88] 6.00) 5.62) 3.00) 3.88) 2.38) 4.63) 3.50) 55.13 
8 | Obsessive com- | 5.25) 3.13) 3.25) 3.00) 3.50) 2.50) 6.25) 4.00] 3.38) 2.50) 2.75) 3.75) 2.25) 45.50 
pulsives 
5 | More aggressive | 4.40) 3.40) 4.00) 4.20) 4.60) 4.00) 5.00) 5.00) 2.40) 3.00) 2.20) 3.40) 2.20) 47.80 
passive aggres- 
sives 
5 | More dependent | 4.60) 2.40) 5.00) 2.60) 4.80) 2.40) 5.40) 2.80) 3.00) 3.40} 2.00) 3.40) 2.40) 44.20 
passive aggres- 
sives 
6 | Schizophrenics 5.00) 3.33) 3.50) 3.17| 4.17) 3.50) 4.17) 3.17) 2.67| 3.50) 2.83) 4.33) 2.83) 46.17 
with paranoid 
trends 
6 | Other schizo- 4.33) 2.33) 3.00) 4.00) 3.50) 4.17| 5.67) 3.83) 2.50) 2.33] 2.33] 3.33) 2.83] 44.17 
phrenics 
5 | Psychophysio 4.00) 2.40) 4.60; 5.20) 5.60) 5.40) 6.20) 4.80) 3.40) 2.40) 1.40) 6.00) 3.60) 55.00 
| logically in- 
| volved patients | 









































them to other people, «nd which stress 


activity and enjoyment. 


The obsessive-compulsives 


The patients forming this group are X05’s 
or X06’s. Their numbers are 3, 4, 6, 12, 18, 
31, 41, 43. The obsessive-compulsives give a 
high place to Way 1 (preserve the best that 
man has attained) and give in general a 
higher rating than the other groups to Way 
2 (cultivate independence of persons and 
things), Way 9 (wait in quiet receptivity), 
and Way 11 (meditate on the inner life), and 
give their lowest place to Way 13 (obey the 
cosmic purposes). They value activity and 
sensuous enjoyment much less than do the 
hysterics, and they value control and detach- 
ment much more. From a clinical point of 
view these differences bear out the intel- 
lectual orientation and the emphasis on 
independence which distinguishes the obses- 
sive-compulsives from the dependent hys- 
terical personality. 


More, aggressive passive aggressives 


The patients in this group are numbers 
2, 28, 37, 39, 49. They are all labeled as 
X52. The rating of the more aggressive 
passive aggressives on Way 8 (live with 
wholesome, carefree enjoyment) is second 
only to the neurotics. Way 5 (act and enjoy 


> 


life through group participation) is ranked 
third. The ratings for Way 9 (wait in quiet 
receptivity) and Way 13 (obey the cosmic 
purposes) are the lowest for any group. The 
score on Factor A is considerably less than 
for the hysterics. So .restraint and recep- 
tivity are low in value, while action and 
enjoyment are high. 


The dependent passive aggressives 


This group is composed of patients 7, 13, 
26, 28, and 50. They are all labeled as X52. 
The highest rating for Way 3 (show sympa- 
thetic concern for others) is given by this 
group, and the lowest ratings for Way 4 
(experience festivity and solitude in alterna- 
tion), Way 6 (constantly master changing 
conditions), and Way 8 (live with whole- 
some, carefree enjoyment). They differ from 
the aggressive passive aggressives on lower 
ratings of Way 2 (cultivate independence of 
persons and things), Way 4 (experience 
festivity and solitude in alternation), Way 
6 (constantly master changing conditions) 
and Way 8 (live with wholesome, carefree 
enjoyment). They value sympathetic con- 
cern, and their orientation is non-egocentric 
(in the sense that Ways 2 and 4 are ego- 
centric). The D between the dependent and 
the aggressive passive aggressive groups is 
3.58. 
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Schizophrenics with paranoid trends 


The patients in this group are 19, 20, 21, 
33, 35, and 46. They are all classified as X24 
or X26. The paranoid schizophrenics and 
those chronic schizophrenics with paranoid 
trends give the highest ranks to Way 1 
(preserve the best that man has attained), 
Way 10 (control the self stoically), and 
Way 12 (chance adventuresome deeds), and 
they give (together with the obsessive- 
compulsives) the highest ranking among the 
patient groups to Way 2 (cultivate inde- 
pendence of persons and things). This is in 
line with the ideational emphasis which is 
recognized among paranoid schizophrenics 
clinically. In contrast, they rank lower than 
any patient group Way 7 (integrate action, 
enjoyment, and contemplation), Way 8 
(live in wholesome, carefree enjoyment), and 
Way 9 (wait in quiet receptivity). This adds 
up to a picture of persons who value both 
self-control and the ability to be adven- 
turesome and independent. Receptivity 
and enjoyment are little valued. 


Schizophrenics without paranoid trends 


The patients in this group are 14, 16, 23, 
29, 42, and 48. They are diagnosed as X25 
or X26. These schizophrenics without 
paranoid trends differ from those with 
paranoid trends in ranking higher Way 4 
(experience festivity and solitude in alter- 
nation), and Way 8 (live with wholesome, 
carefree enjoyment), and in ranking lower 
Way 2 (cultivate independence of persons 
and things), Way 10 (control the self 
stoically), and Way 12 (chance adventure- 
some deeds). They also give the lowest 
rank of any of the patient groups to Way 3 
(show sympathetic concern for others) 
and Way 5 (act and enjoy life through group 
participation). They also rate Way 7 much 
higher than do the paranoid schizophrenics. 
The resulting picture is that of persons 
essentially seeking to enjoy themselves 
without regard for other persons and without 
responsibility to social norms. They differ 
considerably from the more paranoid schizo- 
phrenics. The D between the two groups is 
2.94, which is larger than the D between 
neurotics and schizophrenics as a whole 
(D = 2.24). 
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Psychophysiologically involved patients 


These are patients 1, 6, 8, 15, and 45, 
These are in order classified as X01, X05, 
6-580, 6-580, X01. Composed of two ulcer 
cases and three patients from previously- 
considered groups with somatic complaints 
as a chief form of expression, this group is 
striking in one respect. They rank highly 
the Ways which involve activity and physi- 
cal energy (Way 5, act and enjoy life through 
group participation; Way 6, constantly 
master changing conditions; Way 12, chance 
adventuresome deeds). They give the lowest 
rank of any of the patient groups to Way 1 
(preserve the best that man has attained), 
and to Way 2 (meditate on the inner life). 
The value emphasis is markedly toward the 
expression of physical activity and away 
from self-restraint, introspection, and social 
responsibility. This is in line with clinical 
observation that such persons tend to find | 
expression for their problems through 
somatization and bodily expression, rather 
than through ideational representation. 
The contrast of this group with the non- 
paranoid schizophrenics is marked. The D 
between the mean ratings of the two groups 
is 4.56, as contrasted to the D between the 
patients as a whole and the controls (D = 
1.55). The total sum of the ratings of the 
Ways is much higher for the psychophysio- 
logic group (and for the hysterics) than in 
the other patient groups. 


MCVEMENTS AGAINST, TOWARD, 





AND AWAY FROM PEOPLE 


Karen Horney (1945) has suggested three | 
basic temperamental traits as movement | 
against people, movement toward people, 
and movement away from people.’ She views 
the neuroses as ‘‘ways of life’? developed | 
when these basic trends come into conflict; 
the neuroses are regarded as attempts to 
solve such conflicts (Horney, 1950). 

Table 6 gives the mean ratings of the 13° 
Ways of three groups of patients classified - 
by six judges according to the principal | 
complaints about which the patient sought | 
help at the Hacker Clinic. The rating of the | 

§ Using the Horney classification here does not | 


imply theoretical agreement with her view about | 
the etiology of neurotic disorders. 
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TABLE 6 


MEANS ON Ways FoR Groups WHosE SymMpToMs INDICATE MOVEMENT PRINCIPALLY AGAINST, TOWARD, 
oR AWAY FROM PEOPLE (IN HoRNEY’s TERMINOLOGY) 








Group 





(N) 1 y 3 4 

17 Against 5.24) 3.00) 3.18) 2.82 
14 Toward 5.00) 2.57) 4.64) 4.43 
10 Away 3.50) 3.10) 3.20) 4.20 


















































s|o6}|71|81|9 | 10] 11 | 12] 13 
3.41| 3.41| 6.00 3.59] 2.71| 2.71| 2.82) 3.29] 2.59 
5.00| 4.36] 5.8€, 4.57| 2.93| 3.64] 2.86] 4.57] 2.57 
2.90! 3.60 4.80 3.20| 2.70| 3.00] 2.10] 3.90] 2.10 





Ways was of course not considered in 
making the classifications. The D’s between 
these groups (given in Table 7) are con- 
siderable, larger in fact than the D’s between 
American college students and students in 
India, Japan, China, and Norway (Morris, 
1956, Table 9, p. 48). The Ways as a whole 
are liked considerably more by the Towards 
than by the other groups, and liked least of 
all by the Aways. The Against group has a 
disliking (a mean less than 4.00) for every 
Way except Ways 1 and 7; the same is 
true for the Away group except for Ways 
4 and 7. The Towards have the highest score 
on Factor A (social restraint and _ self- 
control) and the Aways the lowest score. 
In terms of means, the Towards are higher 
than the other groups on the Ways which 
stress action (Ways 6 and 12), enjoyment 
(Ways 4 and 8), and responsibility to other 
persons and to society (Ways 3 and 10); 
they are lower than the other groups on Way 
2 (cultivate independence of persons and 
things). The Away group is higher than the 
Against group on Way 4 (experience fes- 
tivity and solitude in alternation), and 
lower on Way | (preserve the best that man 
has attained) and on Way 7 (integrate 
action, enjoyment, and contemplation). 
These results show that the Horney classi- 
fication finds a reflection in the rating of the 
Ways. 

In general, patients classified as moving 
towards people were hysterics and more 


TABLE 7 
D’s ror Aways, TowARDs, AND AGAINSTS 











Away Against 
Toward 3.79 3: 
2.87 


Away 





dependent passive aggressives; those moving 
against were obsessive-compulsives, more 
aggressive passive agressives, and some of 
them had paranoid trends; those moving 
away were schizophrenics or schizoid person- 
alities. There was considerable overlap in 
formal diagnostic category, however. 


EGOCENTRICITY VERSUS SOCIALITY 


It was stated earlier that the patients as 
a whole are more egocentric than the 
controls. The egocentricity vs. sociality 
dimension is derived from an unpublished 
study of Charles E. Osgood, Charles Morris, 
and Edward Ware, in which a factor was 
obtained that was high on Way 3 (show 
sympathetic concern for others), Way 1 
(preserve the best that man has obtained) 
and Way 8 (live with wholesome, carefree 
enjoyment), and low on Way 2 (cultivate 
independence of persons and things), and 
Way 4 (experience festivity and solitude in 
alternation).2 Factor scores on_ this 
dimension were obtained for various groups 
by simply adding the means for Way 1, 3, 
and 8 and subtracting the means for Ways 
2 and 4. Table 8 gives the results. 

It may be noted that while the patient 
group as a whole is more egocentric than the 
controls, the difference is not large in the 
case of female patients and neurotics (of 
which 12 out of 18 are women). In contrast, 
the male patients are much more egocentric 
than the controls. The Away, Against, and 
Toward groups are egocentric in that order, 
the Away group being in fact the most 
egocentric of all the groups. The schizo- 
phrenics, personality disorders, and neurotics 
are egocentric in the order given. The 

® The order of the Ways from egocentric to 


non-egocentric was 2, 4, 12, 6, 13, 11, 5, 10, 9, 7, 8, 
1, 3. 
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TABLE 8 


MEAN SocraLizED (vs. EGocentTrRIC) RATINGS 
OF THE WAYS FOR DIFFERENT GROUPS 











(N) Group x 
50 Patients 6.26 
50 Spouses and friends 6.22 
29 Spouses 6.00 
21 Friends 6.53 
50 Control 8.28 
23 Control male 8.86 
27 Control female 7.77 
23 Male patients 4.87 
27 Female patients 7.44 
17 Against 6.19 
14 Towards 7.21 
10 Away 2.60 
18 Neurotics 7.82 
17 Personality disorders 6.05 
12 Schizophrenics 5.01 
3 Psychophysiological disorders 3.00 





spouses and friends are about the same as 
the patients in egocentricity; the friends 
being slightly less egocentric than the 
spouses. 


DEGREE OF SEVERITY OF 
DISTURBANCE 


It has been mentioned that a degree of 
severity rating was given to each person by 
the Hacker Clinic. They are given in the 
expressions 1b, lc, 2a, 2b, 2c, 3a, 3b.'° In 
general these represent an increasing order 
of severity. The numerals indicate the 
degree of severity of disturbance in the 
intrapersonal dynamics and the _ small 
letters the degree of severity of disturbance 
in interpersonal relations. The present data 
included no cases of la or 3c. 

It will also be recalled that a D was 
obtained between each patient’s rating of 
the Ways and the ratings of the patient’s 
spouse (or close friend). It seemed a plausible 
hypothesis in planning this study that there 
would be a significant positive correlation 
between degree of severity of the patient’s 
disturbance and .degree of difference in his 


10 The degree of severity rating scale used in 
this study was adapted from the ‘Clinical Rating 
Scale for Psychotic Patients’’ which was developed 
by Evelyn Crumpton, Ph.D., Psychology Staff, 
Brentwood Neuropsychiatric Hospital, Veterans 
Administration Center, Los Angeles 25, Cali- 
fornia. 


* 


value pattern from that of his spouse. A 
major negative result of this study is that 
no such relation was found between the D’s 
and the severity ratings, regardless of 
whether the 1, 2, 3 ratings, or the a, b, ¢ 
ratings, or a combination of these was used. 
The same negative result was obtained when 
D’s were calculated between each patient’s 
ratings of the Ways and the mean ratings 
of the Ways by the control group. As far, 
then, as this study goes, the degree of 
disturbance of the patient is not significantly 
correlated with the difference between his 
value pattern and his spouses’s, or the 
difference between his value pattern and the 
average value pattern of his culture. If 
conflicts of value patterns are related to 
severity of mental illness, it seems that they 
must be sought elsewhere—as in the conflict 
within value patterns in the individual 
himself, and in the conflict between the 
individual himself and the ps rtieular persons 
with whom he hes bcen in significant inter- 
action in his life history. The first of these 
alternatives will be considered in the fol- 
lowing section; the data do not permit 
consideration of the second alternative. 
The severity ratings did, however, reveal 
some tendencies. Thus there was an inter- 
esting (though not statistically significant) 
negative correlation of .25 between the 
degree of severity and the score on Factor 
A (social restraint and _ self-control). An 
analogous result is the significant positive 
correlation (.38) between the spouse's score 
on Way | (preserve the best that man has 
attained) and ‘Way 10 (control the self 
stoically) and the severity of the patient’s 
disturbance. Since Way 1 and Way 10 are 
the high ranking Ways on Factor A (social 
restraint and self-control), we see again the 
importance of the values represented in 





Factor A. Not only are the patients as a | 


whole distinguished from the controls by a 
lower score on this factor, but there is a 


tendency for the patient’s disturbance to be | 


more severe if he is low on this Factor—or 
if his spouse is high on it. To add to the 
same point, there is a positive correlation 
between egocentricity and degree of severity 


of disturbance. This may be because the | 
value systems of the Ways are picking up | 


NOTE en 
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TABLE 9 


MEAN RaTINGS OF THE Ways BY THE LEss 
SEVERELY AND MoregE SEVERELY 
DISTURBED PATIENTS 








Less Severely More Severely 





Way Disturbed Disturbed 
1 5.08 4.52 
2 2.52 3.12 
3 4.12 3.76 
4 3.44 4.00 
5 4.04 3.96 
6 4.00 3.68 
7 5.76 5.48 
8 4.60 3.52 
9 2.60 3.00 
10 3.32 2.80 
11 2.16 2.84 
12 3.68 3.88 
13 2.4 2.84 


| @ 





one of the major diagnostic features in the 
categories of mental illness—egocentricity or 
narcism. 

A comparison of the ratings of the Ways 
of the less severe and the more severe 
personality disturbances brings out clearly 
a number of points that have been made. 
Table 9 serves as the basis for this com- 
parison. 

It will be noted that the more severely 
disturbed patients are lower in Ways 1, 3, 
6, and 10 and higher in Way 4—and this 
combination defines Factor A. They are 
lower in Ways 1, 3, and 8 and higher in 
Ways 2 and 4—and this combination 
defines egocentricity. They are slightly 
lower in Factor B (enjoyment and progress 
through action) and considerably higher in 
Factor C (withdrawal and self-sufficiency). 
They are markedly lower on Way 8 (live 
with wholesome carefree enjoyment). 





VALUE CONFLICTS AND SEVERITY 
OF ILLNESS 

It has at times been suggested that 
conflicts of value within the individual are 
involved in some or all forms of mental 
illness. Our data permit some preliminary 
examination of this complex area, and 
suggest that such conflict is indeed found, 
though its relative importance cannot yet be 

estimated. 
As a very rough measure of value con- 
flict, the two Ways with heaviest loadings 
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on the value factors A, B, C, D, and E were 
chosen.'! These Ways were grouped into two 
sets. One set was composed of the more 
egocentric member of each pair of Ways, and 
the other set contained the less egocentric 
(and more socialized)'? member. The de- 
termination was made_in terms of the 
loadings of the Way on the previously 
mentioned egocentric-socialization factor. 
The more egocentric set (to be called £) 
contained Ways 10, 12, 2, 13, and 4 (repre- 
senting respectively Factors A, B, C, D, F) 
and the more non-egocentric or socialized 
set (to be called S) contained Ways 1, 5, 
11, 9, and 8 (representing respectively 
Factors A, B,C, D, E). 

Since patients and groups of. patients 
differed in the sum total ratings of the 13 
Ways, rank orders of the ratings of the Ways 
were used rather than the ratings them- 
selves. An £ score, an S score, and a total 
score of E plus S was computed for each 
patient. The score for a set is simply the 
sum of the ranks given to the five Ways in 
the set. The lower the score the higher the 
value conflict. Thus if a person should like 
very much all the Ways in a set, there 
would be a conflict between all five value 
dimensions and the sum of the rankings 
would be small. A second (though related) 
value conflict score was obtained for each 
patient by counting the number of factors 
in a set which had ranks of 1 through 4.5. 
The Ways representing these ranks had also 
to be liked. (This did not hold for 3 cases, 
so the number of patients counted in this 
way was 47 instead of 50.) Such factors are 
said to be ‘‘in conflict.’”’ These measures of 
value conflicts leave much to be desired, 
but they do reveal matters of interest. 

We turn first to the simple scores for the 
number of factors in conflict in the two 
sets EH and S. The factors in conflict per 
person in the patients increase progressively 
as the intrapsychical severity increases 


1! Factor B is ‘‘progress and enjoyment through 
action’; Factor C is ‘withdrawal and _ self- 
sufficiency’’; Factor D is “receptivity and sympa- 
thetic concern’; Factor E is ‘‘sensuous enjoy- 
ment.” 

12 Tt will be recalled that the order of the Ways 
from egocentric to non-egocentric was 2, 4, 12, 6, 
13, 11, 5, 10, 9, 7, 8, 1, 3. 
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TABLE 10 


VALUE CONFLICTS AND DEGREE OF SEVERITY 
OF DISTURBANCE 











E + S Score 1's 2's 3's 
72 or below 1 10 7 
73 or above 12 15 5 





(1.55 for the 1’s; 2.18 for the 2’s; 3.17 for 
the 3’s). The average factors in conflict per 
person for the patients as a whole is 2.24, 
as contrasted to the average of 1.42 for the 
controls. Similarly, the percentage of persons 
who have factors in conflict in these three 
patient groups progressively increases (the 
corresponding figures are 46.2%, 82.6%, 
100%). The percentage of persons with 
value factors in conflict is 79 for the patients 
and 64 for the controls. These figures are 
evidence that value conflicts are related to 
the degree of severity of the disturbance, 
and that there are more factors in conflict 
for the patients than for the controls. 

As Table 10 shows, those higher in value 
conflicts (and so the low scorers) tend more 
to be 2’s and 3’s than 1’s, while those lower 
in value conflict tend more to be 1’s or 2’s 
than to be 3’s. The chi-square results are at 
the .03 level of significance. 

If it be assumed that the groups 1b, Ic, 
2a, 2b, 2c, 3a, 3b form a scale of increasing 
degrees of severity, then no important 
relation is found between the mean F or S 
scores of each patient group and its degree 
of severity. Nor between the E and S scores 
themselves. This shows that the grouping 
of the Ways in S and FE is not sensitive 
enough to pick up the relation of ego- 
centricity and severity of disturbance found 


TABLE 11 
VALUE CONFLICTS AND DEGREE OF SEVERITY 
oF DISTURBANCE 








E + S Score 





Group 
1b 77.70 
le 76.67 
2a 74.35 
2b 72.83 
2c 74.14 
3a 73.81 
3b 70.00 
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TABLE 12 
AVERAGE ScoRES FOR PATIENTS AND CONTROLS 
Average S Average E pre 5 
Controls 34.55 42.02 76.57 
Patients 35.33 39.10 


74.43 





elsewhere in this study.!® However, the 
situation is different with the sum of the F 
and S .cores. This total value conflict score 
decreases (i.e., the value conflict is greater) 
as the degree of severity increases. The only 
exception is for the 2b group. Table 11 shows 
these results. The correlation between 
degree of severity and degree of value 
conflict is .89 and significant at the .01 
level. 

The patients had in 38.3 percent of the 
cases a smaller EF than S score, while in the 
control group the figure was 20 percent. So 
for the controls there are fewer egocentric 
forms of value conflicts than for the patients. 

The average score for / and S, and so the 
total of # plus S, is much the same for the 
patients and the controls. (See Table 12.) 
This we would expect since we know that 
the order in which the Ways are liked is 
very much the same in the two groups. 

Nevertheless the distribution is quite 
different in the two cases. The patients have 
more low FE plus S scores (and hence there 
is greater value conflict in these patients) 
than do the controls, and few high F plus § 
scores. The chi-square is 6.70, which is 
significant at the .01 level. Table 13 gives 
the data. 

These results suggest that value conflicts 


TABLE 13 


DIFFERENCES BETWEEN HIGH AND Low VALUE 
CoNnFLICT SCORES FOR PATIENTS AND 
CONTROLS 


E + S Scores Controls (50) Patients (50) 





14 26 
36 24 


64-74 
75-85 


13 Thus while Way 13 is slightly more to the 
egocentric end of the egocentric-non-egocentric 
scale it is not markedly egocentric. The same 
holds for Ways 10 and 1. See Note 12. 
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merit systematic investigation in the scien- 
tific study of mental illness. They of course 
say nothing about the origin of value con- 
flicts, nor whether they play a causal role 
in the development and maintenance of 
mental illness. The origin may lie in the 
incorporation in the child of conflicting 
values of the parents, or in the conflict of 
parental values with the values encountered 
in other persons. There may also be bio- 
logical elements at work, since some of the 
value factors (especially B and () correlate 
to some degree with constitutional differ- 
ences. (See Morris, 1956, p. 134-135.) The 
question of the causal role of value conflict 
in personality disturbance might be ap- 
proached as part of the larger and difficult 
problem as to how symbols, and conflicts of 
symbols, operate in human behavior. 


THE MARRIED PATIENTS 


Of the 50 patients, 32 were married. Of 
these married patients, 16 of them were 
described in the original data from the 
Hacker Foundation as having marital 
problems. This group will be called MP; 
the group composed of the 16 other married 
patients will be called OM. It turns out that 
there are considerable differences between 
these two groups. 

MP includes a preponderance of schizo- 
phrenics and schizoid trends, while OM is 
dominated by neurotics and passive de- 
pendent trends. 

The rating of Way 3 (show sympathetic 
concern for others) sharply differentiates 
the two groups: the number of persons in 
OM who like Way 3 is much greater than 
the number of persons in MP (chi-square 
significant at the .001 level). Also OM 
favors Factor B (enjoyment and progress 
in action) much more than does MP, and 
favors Factor A (social restraint and self- 
control) much less. The high loadings on 
Factor B are for Way 12 (chance adventure- 
some deeds), Way 5 (act and enjoy life 


’ through group participation), and Way 6 


terran ane ARR ie ar 


(constantly master changing conditions). 
The high loadings on Factor A are for Way 
1 (preserve the best that man has attained) 
and Way 10 (control the self stoically). In 
OM, 11 patients have a higher score on 
Factor B than on Factor A, while this is the 
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case for only two persons in MP (chi- 
square significant beyond the .01 level). 

OM also favors Factor EF (sensuous en- 
joyment) with high loadings on Way 4 
(festivity and solitude in alternation) and 
Way 8 (live with wholesome, carefree 
enjoyment), while MP is somewhat higher 
in its rankings on Factor C“ (withdrawal 
and self-sufficiency) with high loadings on 
Way 2 (cultivate independence of persons 
and things) and Way 11 (meditate on the 
inner life). 

OM in general likes the set of Ways to 
Live considerably more than does MP (the 
average sum of the ratings of the 13 Ways 
is 52.81 for OM and 44.05 for MP). It is 
interesting that the average sum of the 
ratings of the spouses and close friends 
corresponds closely with that of the patients; 
53.63 in the first case and 44.94 in the 
second. MP in general has no enthusiasm 
for any of the Ways. MP used rating 
7 only 12 times, and more than half of the 
group never used the rating at all. OM used 
rating 7 thirty times. The lowest rating, 
1, was used 29 times by OM but 41 times 
by MP. 

From all these data, a definite picture 
emerges. Those within this group of patients 
with specifically mentioned marital problems 
are more constrained, more detached, and 
more conservative than the other married 
patients. They show less zest, less recep- 
tivity, and less capacity for enjoyment. 
They are higher on Factor A (social re- 
straint and self control) and Factor C 
(withdrawal and self-sufficiency) than the 
other married patients, and lower than them 
on Factor B (enjoyment and progress in 
action) and Factor EF (sensuous enjoyment). 

In the control group, and in the Americans 
sampled in Varieties of Human Value 
(Morris, 1956), Factors A, B, and £ are all 
of substantial weight—social restraint, ac- 
tivity, and enjoyment are all at work. In the 
married patient groups, however, an inter- 
esting split in these factors occurs. In the 
married subjects with distinct marital 
problems, Factor A remains relatively high, 
but Factors B and E are low, while in the 


144 When corrections are made for the generally 
lower ratings of MP. 
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other married subjects the situation is 
reversed: Factor A has become low in 
strength, and Factors B and E have become 
relatively much stronger. Those with 
noticeable marital problems value, as it 
were, an excess of restraint over action and 
enjoyment, while the other married patients 
value an excess of action and enjoyment 
over restraint. Thus the married patients 
as a whole deviate in these two divergent 
directions from those who are not patients. 


USE OF THE RATING CATEGORIES 
1 THROUGH 7 

The most characteristic way in which 
patients differed from controls in using the 
rating categories was in their greater use of 
dislike and indifferent ratings (1, 2, 3, 4) 
and their avoidance of favorable ratings 
(5, 6, 7). As seen in Table 14, this difference 
is consistent all along the scale. As estimated 
by the Kolmogorov-Smirnov method, chi- 
square is 7.39, significant at the .05 level. 

This difference of patients and controls 
might be interpreted in two ways—either 
as indicating a difference in the meaning of 
the categories to the two groups (so that, 
say ‘‘like quite a lot” for the patients means 
about what “like very much” does for the 
controls), or as showing a greater disliking 
of the Ways by the patients. We shall adopt 
the second alternative; a number of con- 
siderations seem to warrant this choice. 
(See, fof instance, Morris, 1956, p. 121.) 

If this alternative is adopted, then almost 
half of the patients found no Way to Live 
among the 13 thet they liked very much. 
This is to say that they never used category 
7 of the rating scale. Most of these persons 


TABLE 14 
DISTRIBUTION OF RATINGS 
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TABLE 15 
PERCENTAGE OF DIFFERENT Groups WHo Gave 
No 7 (Like Very Mucu) Ratinos 
To Any Way 














Percent- 
Group N age 
Control 50 28 
Patients 50 44 
All patients except most severe 38 32 
Most severe patients (all schizo- 12 83 
phrenics) 
Spouses and friends of most se- 12 58 
vere patients 
Work problems 13 77 
Marital problems 16 56 
Other married 16 





were either schizophrenics or showed schi- 
zoid trends. This is perhaps related to the 
low amount of emotional investment such 
persons show in persons and things outside 
themselves. In general they were functioning 
poorly in their work and in their marriages. 
There is a great deal of overlap in the groups 
listed in Table 15, with schizoid trends as 
the common theme. The difference between 
the use or non-use of category 7 in the 
schizophrenics and their controls is sig- 
nificant at the .001 level (chi-square of 13.3; 
N = 24). 

Not all schizophrenics failed to use the 
rating 7. Of the twelve schizophrenics, ten 
used 7 not at all, one used 7 once, and the 
twelfth used 7 six times. The only acute 
schizophrenic in this study used the rating 
4 (indifference) ten times, while his wife 
used it six times. Thus, of twenty-six 
ratings, sixteen were indifferent. One para- 
noid schizophrenic used 1 (dislike very 
much) seven times, 6 (like quite a bit) five 


TABLE 16 
NuMBER OF Ratine Catecories Usep (Our or 
7) By AVERAGE MEMBERS OF DIFFERENT 











Rating Controls Patients GROUPS 
7 111 78 Group N X 
6 115 107 ee a 
5 97 89 Control 50 6.00 
4 75 88 Patients 50 5.40 
3 118 130 Spouses and friends 50 5.20 
2 80 102 Schizophrenics 12 4.67 
1 54 56 Spouses and friends (of schizo- 12° 4.92 

: ee — phrenics) 
Total 650 650 Work problems 13 4.54 
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TABLE 17 
Successive INTERVAL SCALE VALUES oF Upper CaTrecory LImITs 
Rating Category 
Scale N 
1 2 3 4 5 6 
Patients 50 —1.238 — .593 — .168 .168 .731 1.353 
Controls 50 —1.343 — .665 — .205 . 205 .817 1.646 
USA Male college students 252 —1.417 — .709 — .216 .216 .872 1.701 





times, and 4 (indifference) once. Every 
schizophrenic in this study used two of the 
seven available categories to rate a majority 
of the Ways. Two-thirds of the schizo- 
phrenics used only two categories to rate 
nine or more Ways, a phenomenon not 
found at all among the least severe patients 
and found in less than a third of the less 
severe patients. Measuring the use of rating 
categories by taking the number of cate- 
gories used more than once differentiates 
between the most severe and the least severe 
patients at the .001 level of significance 
(chi-square of 15, NV of 24, df of 1). 

What seems to be happening is that the 
lack of freedom and the inhibitions found 
in the schizophrenic patient expresses itself 
in their inability to shift in their, discrimi- 
nations and perceptions. Thée tendency of 
schizophrenics to use fewer rating categories 
has already been reported by Charles E. 
Osgood (See Osgood, Suci, & Tannenbaum 
1957, p. 227). 

The tendency to use fewer categories is, 
however, not limited to schizophrenics, nor 
to the patients only. The ¢ of 3.3 between 
the average number of categories used by 
the patients and the average number used 
by the controls is significant at the .01 
level, but the same comparison between 
controls and the spouses and friends of 
patients (¢ = 4.5) is significant at the .001 
level. Averages are listed in Table 16. Use of 
all like, dislike, and indifference categories 
by all members of a group would result, of 
course, in an average of 7.00; so that the 
control group average of 6.00 means that 
the average control person used all but one 
of the seven. 

The question may now be raised whether 


| the rating categories as used by the patients 
| can be treated as integers, i.e., whether they 


form a scale which permits making cor- 
relations, computing means, carrying out 
factor analyses, and the like. This was 
earlier found to be the case with samples of 
1546 and 252 male college students (Morris, 
1956, pp. 20-27). The analysis of the ratings 
of the present control group gives results 
highly similar to the two previous analyses. 

With the patients, however, an interesting 
difference occurs; the intervals between the 
rating categories all become smaller, i.e., the 
whole scale contracts.° This contraction of 
the scale is further evidence that the patients 
are a mucii less homogenous group than the 
controls. It is important to realize this, for 
to lump all the patients together in one 
group obscures some of the similarities 
between neurotics and controls, and ob- 
scures the differences between the diag- 
nostic sub-groups. Nevertheless, it is im- 
portant to note that the patients are using 
the seven response categories as a scale, 
even though it is a contracted scale when 
compared to the controls (or to the previ- 
ously studied groups of male college 
students). The correlation between the scale 
values of the upper category limits and the 
original ratings interpreted as integers is 
.990. It is thus legitimate to treat the rating 
categories of the patients (though differing 
in important respects from those of the 
controls) as if they were integers. This 
justifies the use of these rating categories 
for making the product-moment correlations 
used in factor analyses. Table 17 compares 
a group of 252 male college students, the 
present control group of 50 persons, and the 
50 patients with respect to the upper limits 


18 The method used is found in Guilford (1954, 
pp. 237-241). This method does not permit the 
determination of the lower boundary of 1 or the 
upper boundary of 7. 
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of the first six rating categories. The results 
are expressed cumulatively and as positive or 
negative upon the convention that the 
middle point of the original response cate- 
gory 4 is the zero point. 


DISCUSSION 


The r>sults of this exploratory study seem 
to justify the belief which initiated it, 
namely, that an approach to personality 
disturbances through a study of values 
bears promise, and that such a study can 
fruitfully employ quantitative techniques. 
The present study, however, mainly indi- 
cates a direction of possible research. 
Instruments other than the ‘“‘Ways to Live”’ 
will be needed, and the study of groups will 
need to be supplemented by the intensive 
study of individuals. It is possible, in line 
with a common trend in psychology, that 
the study of value patterns in emotionally 
disturbed persons may provide clues as to 
how such value patterns function in normal 
and above-normal persons. 

One positive result of the present study 
is that in general the group of patients rank 
the Ways in about the same manner as does 
the control group, and Americans at large. 
Their conceptions of the good life are not in 
general different from those found in other 
members of the culture in which they live. 

Furthermore, the data disclose no general 
relation between the degree of severity of 
personality disturbance and the degree of 
difference of the value pattern of the dis- 
turbed person from that of his culture or of 
his spouse or friend. 

Nor does it seem possible to say that the 
person who is emotionally disturbed is 
simply not living in accordance with his 
conception of the good life. The general 
similarity between the favored Ways and 
actual behavior is attested to by the fact 
that the analysis of patient sub-groups in 
terms of the Ways is largely in agreement 
with accepted clinical observation of the 
patients’ behavior—a point which will be 
developed at length somewhat later. 

It seems rather as if the ‘“‘pathic’”’ ways to 
live are distorted, inefficiént, and hence 
unsatisfying versions of the same ways to 
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live found in healthy persons.'® Psycho. 
therapy, for quite independent reasons, aims 
at what this suggests: not the changing of 
the values of the disturbed person but 
helping him develop more effective tech- 
niques of realizing those values he holds. 

The data do show evidence linking the 
degree of severity of the disturbance with 
the amount of conflict among the values 
held by the disturbed person. It does not 
follow that conflicts among values _neces- 
sarily lead to difficulties which call for 
psychotherapy—for many persons without 
such disturbances have as many, or more, 
value conflicts as do the patients. For one 
reason or other, the patient is unable to 
find efficient ways of managing such 
conflicts, which thereby become anxiety 
producing and incapacitating. 

There are indeed interesting differences 
in the value patterns of sub-groups of 
patients, and these in general correspond to 
differences in behavior as clinically ob- 
served. But differences of the same (or 
greater) magnitude are found between 
normal sub-groups in our culture. Thus it is 
not the differences as such between the 
sub-groups of patients which account for 
their different symptoms or syndromes. Nor 
do our data permit any speculations about 
the etiology of the various kinds of person- 
ality disturbances. At best they show that 
the values held have some relationship to 
the kind of personality disturbance that 
develops. 

Though the preceding remarks indicate 
the main direction of this study, they must 
not be taken to. mean that there are_ no 
value differences between the patients and 
controls, nor between the various sub- 
groups of patients themselves. We _ have 
noted such differences in the use of the 
rating categories, in the mean ratings of a 
number of Ways (as opposed to the order 
of rankings), and in the patients’ favoring 
of egocentric Waysmore than do the controls. 





The most disturbed and the least disturbed | 


patients showed clear differences, as did 
those patients who were having severe 
marital problems. These differences are as 


16 See Morris, (1948, pp. 114-116) for an earlier 
speculative presentation of this position. 
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important as the general similarities previ- 
ously noted. 

It should be stressed that all the results 
obtained and reported were derived solely 
from the summary data furnished by the 
Hacker Clinic Associates—no other in- 
formation concerning the patients was used. 
Hence the statistical analysis was in a 
sense “‘blind.”” Those making it had no 
contact whatever with the patients them- 
selves. It is of considerable interest, there- 
fore, that the results picked up from the 
single ‘‘Ways to Live” instrument cor- 
respond so well with clinical observations. 
The ratings of the Ways provide an ex- 
pression of some of the characterological 
features of the psychiatric patients that are 
commonly a part of the diagnostic picture 
they present. The ratings of the Ways seem 
to present a sample of behavior which 
accords well with other diagnostic features 
which characteristically distinguish the 
various nosological groups. 

For example, the obsessive-compulsives, 
seen in terms of the ratings of the Ways, 
show little interest in extroverted activity 
or sensuous enjoyment, but rather stress 
self-control, a turn toward intellectual 
matters, and emotional withdrawal—all 
characteristics which pathognomically iden- 
tify them. Similarly, the ratings of the 
Ways by the hysterics fit in with the clinical 
picture of their stress on sensuality and 
enjoyment, and their high dependency 
which influences both their emotional and 
intellectual development. As a_ further 
example, the ratings of the paranoid schizo- 
phrenics seem to show a strong intellectual 
tendency which is in line with their pro- 


pensity for ideational thinking (which 
usually assumes delusional proportions), 


and their caution and overcontrol (which 
usually is related to their suspiciousness). 
This is in contrast to the picture of the 
non-paranoid schizophrenics which their 
ratings give, and which fits in with the 
clinical observations that such cases do not 
stress the intellectual developments to 
which paranoids are prone, and are often 
much more labile in their affective behavior. 

It seems possible that this kind of diag- 





311 


nostic confirmation might be extended in 
further study by comparing how much 
certain groups of patients project themselves 
in their ratings of the Ways as compared 
with other patient groups. Thus it may be 
that for the paranoid patients the Ways are 
more ideals than revelations of how they 
actually live. Also the high value given to 
Ways which stress control by the schizo- 
phrenics may be in part a projection of what 
they feel is a lack in their own personality. 
For some of the other groups, such as the 
more neurotic ones, there seems to be in 
their ratings less projection and more actual 
description of their personality patterns in 
other areas of behavior. An investigation 
into such problems would disclose how far 
in various groups conceptions of the good 
life (conceived values) are consonant with, 
or divergent from, actual behavior (opera- 
tive values).!” It would also be interesting 
to study the relation of the discrepancy 
between conceived and operative values to 
the degree of severity of personality dis- 
turbances. 

In this study, not only the content of the 
Ways rated but certain formal or structural 
characteristics of the ratings (flexibility in 
ratings, their consistency, whether con- 
stantly high or low, etc.) have also been 
considered. Such characteristics reflect 
certain aspects of the personality, something 
of its ‘‘style,” which would be missed if only 
the content of the Ways was under con- 
sideration. This use of both structural 
characteristics of response as well as content 
‘ategories is similar to methods used in the 
Rorschach and other projective tests. 

Since the patient sub-groups here studied 
are very small, it would be desirable to 
administer the Ways (and other value 
instruments) to larger carefully diagnosed 
groups in order to confirm or qualify these 
first findings. 
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The intellectual is constantly betrayed by his own vanity. God- 
like, he blandly assumes that he can express everything in words; 
whereas the things one loves, lives, and dies for are not, in the last 
analysis, completely expressible in words. To write or to speak is 
almost inevitably to lie a little. It is an attempt to clothe an in- 
tangible in a tangible form; to compress an immeasurable into a 
mold. And in the act of compression, how Truth is mangled and 
torn! The writer is the eternal Procrustes who must fit his un- 
happy guests, his ideas, to his set bed of words. And in the process, 
it is inevitable that the ideas have their legs chopped off, or pulled 
out of joint, in order to fit the rigid frame. 


ANNE Morrow LinpBeErGuH, The Wave of the Future 
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| 

HE business manager is the most im- 
portant decision maker in the American 
economy. To a very large extent, the busi- 
ness manager decides whether America 
shall have prosperity or depression, infla- 
tion or deflation, progress or stagnation. 
The decisions, of the business manager are 
the product of two factors: the outer en- 
vironment surrounding him, and the inner 
motivations governing him. 

Business analysts have painstakingly 
scrutinized the outer environment of the 
business manager, but have paid remarkably 
little attention to his inner motivation. 
Most business analysts are content to 
| assume that the prime, dominant, and con- 

trolling purpose of all, or nearly ail, business 
| managers is that of maximizing the total 
| profit of the business firm. Operating on 
‘this assumption, business analysts have 

erected an elaborate framework of economic 
}theory which leads them to the following 
| conclusions: (1) that business managers will 
| increase the physical output of the business 
firm in response to: (a) an increase in the 
price of the firm’s product arising from 
stronger demand for it; (b) a reduction in 
taxes upon the firm; or, (c) a fall in the 
firm’s costs of operation; and (2) that busi- 
; hess managers will curtail the physical out- 
put of the business firm in response to the 
opposites of the above circumstances. These 
conclusions may logically follow from the 
profit-maximizing assumption. But reality 
‘sometimes departs from that assumption. 

% Some business managers do, and others 
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What factors would the owners of business firms—whether they are in- 
dividual owners of corporate stockholders—take into account in selecting a 
business manager to produce the kind of company they are interested in 
having? This study shows, contrary to previous economic theories based on 
profit maximization, that depending on how closely the owners are involved 
with the firm, methods of compensation to a manager and his internal motiva- 
tions are deciding factors in a firm’s success. 


THE MOTIVATION OF THE BUSINESS MANAGER 


do not, strive to maximige the total profit 
of the business firm. Whether any particular 
managerial staff is or is not a profit-maxi- 
mizing team largely depends upon: (1) 
whether the owners of the business firm 
closely supervise the managerial staff; (2) 
the method of compensating the managerial 
staff of a business firm; (3) the personality, 
temperament, and education of the mana- 
gerial staff; and (4) other factors not con- 
sidered in this article. 

Business firms may be divided into two 
broad categories on the basis of the locus of 
control: owner-dominated firms and mana- 
ger-dominated firms. The owners of most 
business firms are single-mindedly and 
whole-heartedly dedicated to the total 
profit-maximizing ideal. When the owners 
dominate a firm, its managers look upon 
profit-maximizing activity as job insurance. 
However, in many large corporations, the 
common stockholders cannot or will not 
exercise control. The impotence of the com- 
mon stockholders arises from fragmentation 
of ownership, ignorance, and apathy. By 
default, such corporations have become 
manager dominated. When a firm is manager 
dominated, the managerial staff may or 
may not seek to maximize total profit, de- 
pending on: method of compensation; and 
personal, temperamental, and educational 
factors. 

On the basis of method of compensating 
management, manager-dominated business 
firms may be divided into three categories: 
(1) Straight-Salary Firms, wherein the 
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managers receive compensation which is 
fixed as to absolute amount; (2) Straight- 
Commission Firms, wherein the managers 
receive compensation which is a fixed per- 
centage of total profit; and (3) Mixed- 
Compensation Firms, wherein the managers 
receive compensation containing elements 
of salary and commission. 

In a manager-dominated straight-salary 
firm, the managerial team is unlikely to be 
vitally concerned about maximizing total 
profit. In such a firm, management hopes 
for no reward if profit is maximized, and 
fears no punishment if profit is not maxi- 
mized. However, the managerial team is 
very definitely interested in the making of 
essential outlays on time and in full. By 
essential outlays is meant all money pay- 
ments which must be made by a business 
firm if the managerial staff is to have job 
security and _ satisfactory compensation. 
Essential outlays include the following 
items: (1) Fixed Costs, such as real estate 
taxes or rent, bond interest, and so forth; 
(2) Variable Costs, such as wages of labor 
and prices of raw materials; (3) Complacency 
Profits, i.e., total profits just sufficient to 
preserve owner lethargy; and (4) Mana- 
gerial Compensation, i.e., the straight 
salaries of the managers. 

If Fixed and Variable Costs are not paid 
promptly and in full, financial complications 
may jeopardize the job security of manage- 
ment. If a Complacency Profit is not paid 
to inert owners of the firm, they may become 
active, hostile, and rebellious. 

The Total Outlay of a business firm is the 
sum of all essential outlays (i.e., Total 
Fixed Cost, Total Variable Cost, Com- 
placency Profits, and Managerial Com- 
pensation). The Total Outlay cannot be 
paid unless Total Revenue (i.e., total 
income from sales of physical output) is no 
smaller than Total Outlay. Consequently, 
the managerial staff is deeply concerned 
about securing Total Revenue no smaller 
than Total Outlay. 

There is a certain level of physical output 
at which the Total Revenue of a business 
firm just equals its Total Outlay. This output 
level may be called the Break-Even Point. 
At output levels lower than the Break-Even 
Point, Total Outlay exceeds Total Revenue. 
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However, at output levels higher than the 
Break-Even Point, Total Revenue may 
exceed Total Outlay. In a manager-domi- 
nated straight-salary firm, it is clearly in the 
interest of both owners and managers for the 
output level to be lifted up to the Break. 
Even Point. But the interests of owners and 
managers diverge if the output level is 
lifted above the Break-Even Point. By 
raising output above the Break-Even Point, 
management would not only tend to maxi- 





mize the total profit received by the firm’s 
owners, but would also tend to increase the 
problems, responsibilities, and work load of 
the managerial staff without increasing its 
pay. This assertion is based on the premise 
that there is a crude but significant relation- 
ship between the size of the physical output 
of the business firm on the one hand, and 


the problems, responsibilities, and work load! 
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of management on the other hand. There is 
an almost universal proclivity to resent and 
resist extra exertion unaccompanied by 
extra pay. Therefore, it is to the interest of 
the managerial staff to lift physical output 
up to but not above the Break-Even Point 
in a manager-dominated _ straight-salary 
firm. 

The determinants of the level of physical 
output in a manager-dominated straight- 
salary firm are illustrated in Figure 1. 
Lines TR and TO represent Total Revenue 
and Total Outlay at various levels of Physi- 
cal Output. Line BEP represents the Break- 


+ Even Point, i.e., the only output level at 


which Total Revenue just equals Total 
Outlay. The triangular VC layer represents 
Variable Costs. The rectangular MC, CP, 
and FC layers represent Managerial Com- 
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pensation, Complacency Profits, and Fixed 
Costs respectively. 

If the managerial staff of a manager- 
dominated straight-salary firm endeavors 
to raise or lower the output level of the firm 
to the Break-Even Point, it follows that any 
circumstance which alters the Break-Even 
Point will change the equilibrium output 
level of the firm. Changes in Total Revenue, 
Variable Cost, and Fixed Cost alter the 
Break-Even Point. In Figure 2, a fall in the 
price of physical output connected with 
weakening demand moves the Total Reve- 
nue line to the right. In Figure 3, an in- 
crease in a Variable Cost, such as the wage 
of labor, moves the Total Outlay line up- 
ward. In Figure 4, an increase.in a Fixed 
Cost, such as real estate rent or taxes, moves 
the Total Outlay line upward. Figures 2, 3, 
and 4 share a vital characteristic. In each 
figure, the Break-Even Point moves to the 
right, thereby motivating the managerial 
team to increase physical output. Hence, in 
a manager-dominated straight-salary firm, 
a price reduction, a wage increase, or a rise 
in real estate rent or taxes can bring about 
an expansion of physical output contrary to 
the expectations of conventional economic 
theory. 

To simplify these diagrams, it has been 
assumed that the firm can market any 
amount of output at the same price, and 
that average variable cost is the same at all 
output levels. Had other assumptions been 
made with respect to prices or costs, the 
diagrams would have been more compli- 
cated, but the conclusions reached would 
have been much the same. 

In a manager-dominated straight-com- 
mission firm, the managerial staff may or 
may not be oriented toward maximizing 
total profit for the business firm. The decid- 
ing factor is the personality, temperament, 
and education of the managers. Some busi- 
ness Managers seem to have an infinite and 
insatiable craving for money, power, and 
prestige, while others have decidedly limited 
money, power, and prestige objectives. The 
former may be referred to as narrow-interest 
managers, and the latter as broad-interest 
managers. The narrow-interest manager is 
preoccupied with the pursuit of money, 
power, and prestige because he has relatively 
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little interest in other values such as family 
life, the fine arts, literature, social activity, 
and so forth. At the other extreme, the 
broad-interest manager has modest, limited, 
specific goals as regards money, power, and 
prestige because he wants to reserve a large 
part of his time and energy for the cultiva- 
tion of other values. If a straight-commission 
firm is dominated by a _narrow-interest 
managerial staff, both owners and managers 
will rank total profit maximizing well above 
other objectives. However, if the straight- 
commission firm is dominated by broad- 
interest managers, the motivation of the 
managerial team will be the same as in a 
manager-dominated _ straight-salary firm. 
The salaries of broad-interest managers are 
fixed by their own limited, modest, specific 
income objectives. After certain managerial 
income levels have been attained, broad- 
interest managers refuse to invest more of 
their time and energy in the pursuit of 
money, power, and prestige at the expense 
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of alternative values. Hence, the Break. 
Even Point analysis which applies to 
manager-dominated _ straight-salary _ firms 
also applies to broad-interest, manager- 
dominated, straight-commission firms. 

As a result of grave deficiencies in psycho- 
economic data, it is presently impossible to 
ascertain the relative importances of: (1) 
owner- and manager-dominated firms, and 
(2) narrow- and broad-interest managers, 
However, two trends appear to be fairly 
clear: the increasing size and complexity of 
the typical business firm discourages owner 
domination; and the increasing emphasis on 
higher education for management candi- 
dates, together with the liberalization of the 
business college curriculum, favor the 
development of broad-interest managers. 
These trends have profound implications for 
economic theory, corporation security anal- 
ysis, and public policy. 


(Manuscript received November 10, 1959) 


There were three baseball umpires who were discussing their pro- 
fession. The first one said, ‘“‘Some’s balls and some’s strikes and I 
calls ‘em as they is.” The second one said, “‘Some’s balls and some’s 
strikes and I calls ‘em as I sees ‘em.’”’ While the third one said, 
“Some’s balls and some’s strikes and they ain’t nothing till I calls 


” 


‘em. 
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of conflict behavior. 


by Bernhardt Lieberman':? 


Harvard University 


HE purpose of this study was to de- 
l termine how closely the behavior of a 
group of intelligent individuals conformed 





to the commands of the minimax model 
when playing a two-person, zero-sum game 
having a saddle point. The study indicates 
‘how well one element of the theory of 
games describes and predicts the behavior 
of a certain group of intelligent individuals. 

Game theory, in its entirety, is a complex, 
|mathematical theory of conflict of interest 
‘and social interaction. It consists of a 
‘number of individual models dealing with 
numerous situations including two, three, 
and n-person games that may be zero-sum 
or non-zero-sum. The totality of theoretical 
considerations involved in all these situa- 
tions is labelled the theory of games of 
strategy. The minimax model, utilized in 
this study, is one such element of the theory. 
‘The model is normative; when two intelli- 
'gent persons are in conflict for quantifiable 
objects, it prescribes proper choices for the 
\opponents if they wish to achieve certain 
‘conservative ends. The model does not 
| predict that people actually do behave as it 
‘commands. It would be particularly inter- 
esting if intelligent individuals did behave 
sas the model prescribes and it is also a 


‘matter of independent interest to determine 
| 








'This study was done during my tenure as a 
Public Health Service Postdoctoral Research Fel- 
low of the National Institute of Mental Health. 

2 wish to thank Professor R. Dunean Luce for 
his substantive contributions to this study. Dis- 
cussions with Professor Frederick Mosteller helped 
to clarify my ideas. 








How do intelligent individuals actually behave in the conflicts of games of 
strategy? Do they behave as the game theory models require? Here is an 
experiment which attempts to relate observed behavior in a game situation 
with what the theory of games says about such behavior. Such experimental 
work is another step toward the construction of adequate descriptive theories 


HUMAN BEHAVIOR IN A STRICTLY DETERMINED 3 X 3 MATRIX GAME 


how people actually do behave in such 
situations. 

Previous discussions of human behavior 
concluded that people do not behave as the 
minimax model states they should. The 
point of view expressed is that the minimax 
solution of two-person games recommends 
choices and is not a behavior theory. It 
does not describe the way an organism 
adjusts his behavior to the environment 
(Estes, 1957; Suppes and Atkinson, 1959). 
Little experimental work has been done to 
decide what is essentially an empirical 
question. 

A small number of empirical studies of 
human behavior, in game-like situations, 
had been done prior to the current work 
(Flood, 1952; Estes, 1957; Vinacke and 
Arkoff, 1957; Atkinson and Suppes, 1958, 
1959). The results of these studies did not 
indicate that people behave as the game 
models prescribe. However, each of the 
studies done could not be considered a 
direct or adequate test of the predictive 
power of one of the game models; either the 
assumptions of the theory were not satis- 
fied or the primary purpose of each study 
was other than a conclusive test of one of 
the game models. 

In a very simple situation, a 2 XK 2 
matrix game with a saddle point, Lieberman 
(1959) found that ten of fourteen college 
students adopted a minimax strategy. The 
remaining four Ss exhibited behavior similar 
to, but not identical with, the optimal 
behavior prescribed by the model. The 
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results obtained in this study could not be 
considered convincing support for the 
model; the task facing the players was too 
simple. In the present study, an attempt 
was made to design a strictly determined 
game that was not immediately trans- 
parent and in this situation determine 
whether Ss adopt minimax strategies; a 3 X 


3 matrix game was chosen. ‘ 


METHOD 


The game. The Ss played the following 
rectangular game. 


Player Red 








1 2 3 
| ie wee apes row minima 
ie - 6) ogo 
| 
Player 2; 0|-15| -1 |  -15 
Blue | | 
3 +1 +2 0” 0 
column Reco, aes Eee 
maxima +15 +2 0 


In the above game the maximum of the 
row minima equals the minimum of the 
column maxima; the game has a saddle 
point. The value of the game is zero and the 
minimax model dictates that both players 
choose strategy 3, 100% of the time. For 
each player the optimal strategy does not 
dominate both nonoptimal strategies and 
for each, the optimal strategy has an average 
value less than one of the nonoptimal 
strategies. A certain symmetry is present 
in the above matrix; both players have 
essentially the same choices. 

Subjects. The Ss of the study were 30 
men, undergraduate students of Harvard 
College in residence during the academic 
year 1958-1959. 

Materials. The materials used consisted 
of the following items: (1) a matrix game 
board that identified the payoffs to the Ss, 
(2) five dollars in cash fer each game, (3) 
red, white, and blue chips, (4) red, white, 
and blue choice cards, (5) written instruction 
sheets, (6) pencils and scrap paper. 

Procedure. Two Ss played each game; 
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each was assigned, by a flip of a coin, to 4 
position as player red or blue. Each S wag 
given $2.50 at the start of the game and 
with this he purchased $2.00 worth of chips 
from E.. The Ss played the matrix game 20) 
times. Each S held a number of his colored 
(red or blue) choice cards in his hands. 4 
play of the game, a trial in the experiment, 
consisted of each S selecting a choice card 
with either a 1, 2, or 3 on it, placing it face 
down on the table, and turning it over 
simultaneously with his opponent, revealing 
the choices. Ss exchanged chips after each, 
play of the game and after the 200 choices! 
were completed each S received an amount 
of cash from # equal to the value of the 
chips remaining in his possession. Payments 
were in cents; +15 indicates a_ 15-cent 
payment from red to blue and —15 indi-! choice 
cates a payment from blue to red. for all 
Blank white cards were available to the) Ss desi; 
Ss if they wished to submit grand strategies, strateg 
If S believed he had a systematic plan of! designa 
playing the game, no matter what his; 72% of 
opponent did, he could write the plan on aj the per 
blank white card and give it to KH. This) the red 
plan had to dictate what choice S would) the blu 
make on every remaining trial. S then had) The « 
to play as his grand strategy dictated. If groups 
both Ss submitted grand strategy cards the) their in 
outcome of every succeeding play of the the con 
game was determined. When this occurred choices 
the Ss made their choices in accordance} reach t] 
with the grand strategies for 20 plays of the) minima 
game. If after the 20 trials both decided] of the 
that they wished to continue playing as were m: 
their plans dictated, they no longer made to be s¢ 
choices and the remaining payoffs were\ the gan 
made as the two grand strategies dictated.) average 
Since, in the study, this occurred only when} R3 and 
both Ss adopted the minimax a 30% of 
the games were terminated; the remaining choices 
payoffs were all zero. The use of grand being cl 
strategies was adopted to prevent boredom strategi 
from being a major factor in the Ss’ choices? Giver 
The Ss were not allowed to keep an, possible 
accurate account of their winnings and : The 
losses but they were permitted to keep @ was mad 
record of their own and their opponents of these , 


} Dp e s y } } . t other 15 
choices; few did this. | The 15 
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Interview. Immediately after each ZAM but then 
both Ss were asked how they played . choices, 





)al game; an attempt was made to have them 


ag} describe what factors affected their choices. 
nd 
ips RESULTS 


00 Of the total of 30 Ss, 12 submitted grand 
ed| strategy cards by the 55th trial, indicating 
Ai that all their future choices would conform 
nt,; to the behavior prescribed by the minimax 
urd) solution. In addition, three other Ss chose 
ace} strategy 3, 100% of the time over the last 
ver} 75 trials.* If these three Ss are considered 
ing} to have adopted the optimal strategy, then 
ch} 15 or half of the Ss can be said to have 
ces, conformed to the prescription of the mini- 
unt} max model. The remaining 15 Ss continued 
thei to make a number of nonoptimal choices 
nts} throughout the 200 plays of the game. 

enti Table 1 shows the mean percentages of 
idi-| choice of strategies, in blocks of 16 trials, 
for all Ss. On the first block of trials, the 
the Ss designated red players chose the optimal 
ies, strategy 66.7% of the time and_ those 
. of| designated blue players chose strategy 3, 
his) 72% of the time. On the final blocks of trials 
n aj the percentages were 92.7, 97.3 and 93.3 for 
“his| the red players and 90.0, 93.3 and 92.0 for 
wuld! the blue players. 

had The data of Table 1 indicate that for both 
. If groups of players optimal choices rose from 
the their initial level to be more than 90% on 
the! the concluding trials. It is clear that the 
red| choices of the optimal strategy did not 
ince} reach the 100% level, the prediction of the 
the minimax model. A small number of choices 
ided| of the dominated strategies (RI and B2) 
y as were made over the 200 trials. These appear 
1ade to be scatiered throughout the 200 plays of 
vere, the game. Strategies Bl and R2 had higher 
ted.) average values, and were not dominated by 
yhen! R3 and B3. They were chosen approximately 
pies) 30% of the time on the initial trials and 
ning choices of them decreased until they were 
rand being chosen only as often as the dominated 
dom strategies. 

ices?’ Given the results above it appears 
» an, Possible to distinguish between two types 
and. 











’ The last nonoptimal choice for these three Ss 
ep i was made on trials 25, 32, and 125. The behavior 
rents of these Ss appeared to be quite different from the 
| other 15 who did not submit grand strategy cards. 
| The 15 would make 10 to 20 choices of strategy 3 
zaume but then would revert to one or more nonoptimal 


| | choices. 


| 





HuMAN BEHAVIOR IN A StrRicTLy DETERMINED 3 X 3 Matrix GAME 























319 
TABLE 1 
PERCENTAGES OF CHOICE OF STRATEGIES OF THE 
PLAYERS 
| Red | Blue 
Plays-Trials | 
Pa oe oy ae re 2 3 
1-10 | 3.3 | 30.0 | 66.7 | 26.0 | 2.0 | 72.0 
11-20 © | 1.3 | 22.7 | 76.0 | 16.7 | 2.7 | 80.6 
21-30 | 0.7 | 16.0 | 83.3.| 11.3 | 0.7 | 88.0 
31-40 | 2.7 | 12.0 | 85.3 | 9.3 | 2.0 | 88.7 
41-50 | 2.0} 7.3| 90.7) 6.0 | 3.3 | 90.7 
51-60 | 2.0 | 12.0 | 86.0| 6.0 | 6.7 | 87.3 
61-70 | 2.0 | 11.3 | 86.7 | 6.0 | 8.7 | 85.3 
71-80 | 2.0| 4.7 | 93.3 6.0 | 3.3 | 90.7 
81-90 | 1.3) 6.7 | 92.0| 4.7 | 6.0 | 89.3 
91-100 | 1.3) 8.0 | 90.7| 2.7 | 5.3 | 92.0 
101-110 | 2.0} 4.7 | 93.3 | 5.3 | 4.0 | 90.7 
111-120 | 2.0| 4.7 | 98.3/| 2.7 | 5.3 | 92.0 
121-130 | 4.0) 4.0 | 92.0! 4.0 | 3.3 | 92.7 
121-140 0.0! 4.7 | 95.3) 3.3 | 4.0 | 92.7 
141-150 | 4.0) 6.0) 90.0) 5.3 | 3.4 | 91.3 
151-160 | 2.7/| 5.3 | 92.0| 5.3 | 4.7 | 90.0 
161-170 | 1.3) 6.0 | 92.7| 2.7 | 2.7 | 94.6 
171-180 | 4.0) 3.3 | 92.7) 5.3 | 4.7 | 90.0 
181-190 | 0.7) 2.0 | 97.3) 2.7 | 4.0 | 93.3 
(2.0) 4.7) 93.3 | 4.0 | 4.0 | 92.0 


191-200 


| 
| 
| 
| 
| 





of Ss, those who adopted the minimax 
strategy and those who did not. The data 
for those Ss who did could be represented 
by curves (of the percentage of optimal 
choice) which rise to the 100% level by the 
125th trial and remain at this level. The 
behavior of the 15 Ss who are not considered 
to have adopted the minimax solution is 
presented in Figure 1.‘ On the initial trials, 
these Ss chose the optimal strategy 80.0 and 
73.8 % of the time, red and blue respectively. 
On the final 40 trials, R3 was chosen 87.3 
and B3 was chosen 86.0% of the time. The 
choices of the 15 Ss who were rational would, 
of course, be 100% over the last 75 trials. 
The functions of Figure 1 indicate that the 
behavior of these Ss was changing over the 
200 trials; a stable level of response was 
not reached. In addition, the curves suggest 
that the changes in behavior might be a 
nonlinear function of the number of trials. 

The results indicate that the more often 
one player chose strategy 3 the more often 
his opponent did. As choices of R3 approach 
the 100% level in Table 1, B3 makes a 


‘Seven of these were players designated red 
and eight designated blue. 
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PERCENTAGE OF CHOICE OF STRATEGY 














TRIALS IN BLOCKS OF TEN 


Fic. 1. Percentages of choice of the optimal 
strategy by players who did not obey the com- 
mands of the minimax model. 


similar approach. Ss described this finding 
when, in the interviews, they made such 
statements as, ‘‘When I saw he was going 
to stick to 3, I had to.” Similarly, when a 
player made nonoptimal choices his op- 
ponent was more likely to do the same. A 
number of Ss were ‘enticed away” from 
their successive choices of the optimal 
strategy by opponents who, though inviting 
loss, behaved nonrationally. 

What occurred was the following. A 
blue player was regularly choosing B3 
against an opponent who was repeatedly 
choosing R3. If the Ss did not submit grand 
strategy cards, after a number of occurrences 
of R3-B3 the red player might occasionally 
make a choice of 2, risking the loss of 2¢. 
Or, he might occasionally choose his domi- 
nated strategy (1) risking the loss of 15¢ 
or 1¢. By this behavior he tried to en- 
courage his opponent blue to choose BI or 
B2. Red would win 15¢ if B2-R2 occurred, 
win 1¢ if R3-B2 occurred, or win 2¢ if R3- 
B1 occurred. Similar tactics were tried by 
some blue players against opponents who 
consistently chose R3. 

Ss stated, in the post-experimental session 
interviews, that they made nonoptimal 


choices ‘‘to make the game interesting,”’ or 
to attempt to win rather than neither win 
nor lose. There were players who did not 
deviate from making optimal choices even 
when their opponent did. These players 
repeatedly won small amounts of money 
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(1¢ and 2¢) until their opponent ceased 
making nonoptimal choices. Some Ss _ per 
sisted in making nonoptimal choices even 
when they failed to induce their opponent 
to abandon his rational behavior and when 
they stated that their own behavior was 
resulting in losses for themselves. 

From observations of the Ss and_ the 
interviews obtained after the games were 
played, it was obvious that virtually all of 
the players, after a small number of trials, 





comprehended the essential elements of the} 
matrix game. The Ss stated that a choice 
of strategy 3 was a safe, conservative way. 
of playing, one which assured the player of| 
no loss and offered the possibility of gain,| 
Many Ss stated that one of their possible, 
choices (the dominated strategy) should 
never be chosen and another possible choice! 
(the one that offered +15, 0, —2) offered! 
the opportunity of a larger win. The follow. 
ing are typical comments that were made, 
“T couldn’t lose if I played 3; I could only; 
win or break even.” ‘‘At first I decided the 
only rational way to play would be to play; 
3.” “One must always choose 3 if opponent} 
is rational; then one breaks even.” 

Although the Ss’ analyses of the conflict; 
situation were accurate, the results reported 
above indicate that there were a significant 
number of choices of nonoptimal strategies, 
The Ss “reasons” for these choices are of 
some interest. The explanations offered 
ranged from boredom, a desire to please the} 
experimenter, to just a wish to “play! 
around.” Typical comments were: “I should 
give him a chance to win some money,” 
“When we got into a rut, I tried to get. him| 
to go for the 15¢.”’ “I was too bored to play! 
all threes.” “If we both played 3, nothing) 
would happen.” “I plaved 1 just to be 
perverse.” “If I played 8, that wouldn't 
make it interesting for me or for you’ 
(“vyou” being /). 


ee 


DISCUSSION 
The task facing the Ss appeared to them 
to be a simple competitive game in which) 
by selecting a particular course of action, 
they could assure themselves of not losing 
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and possibly winning small amounts of person, 
money. However, the particular ,matrit players 





sed} game played was symmetric and for each 
et-| player the game had an optimal strategy 
ren} that did not dominate both alternate 
ent) strategies. In addition, the game contained 
en} one nonoptimal strategy with a_ higher 
vas} average value than the optimal strategy. 
The properties of the matrix make it possible 
the: to infer that the Ss who chose the optimal 
ere! strategy repeatedly did so not because it 
| off dominated the other choices, nor because it 
als} had the highest average value, but because 





the, they were willing to forego the possibility 
vice, of a larger win for the conservative value 
vay| of the two-person, zero-sum game. 

rof| The results obtained appear to be a 
ain) mixture of two types of behavior. One 
ible) type, present in approximately half of the 
yuld} Ss, was conformity to the commands of the 
oice) minimax model. Fifteen Ss, once they 
red; determined their opponent would — be 
low-| rational, after a number of plays of the 
ade, game (ranging from 10 to 125), chose 
ynly| strategy 3, 100 per cent of the time. For 
the, these people, in the present situation the 
play; minimax solution appears to be an adequate 


nent; explanation of their final level of response. 
| After an a priori analysis of and some 
flict; experience with the game, these individuals 
rted! conformed to the mathematical equilibrium 
cant} notion. 
gies) This still leaves half of the Ss whose 
‘e oj behavior clearly deviated from the mathe- 
ered) matical solution. However, it is worth 
» the) noting that the large majority of the choices 
play} of this group are of the optimal strategy. 
ould) And from Figure 1, it appears that after 200 
ey.” trials the behavior may be still changing, 
him| approaching the optimal solution. An 
play! obvious question presents itself. Will those 
thing) individuals who have not adopted the 
o be, minimax strategy after 200 plays of the 
idn’t} game eventually do so; or will they reach 
you” anasymptotic level of response below 100%? 
Although there has been widespread 
interest in game theory for more than a 
, decade, there is little empirical work that is 
them directly related to this work. A study by 
vhich} Kaufman and Becker (1959) dealt with 
ction, problems related to the current work. These 
losing authors had college students play five, two- 
ts person, zero-sum games; four requiring the 
natrit Players to utilize mixed strategies and a 
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fifth having a saddle point. From their 
unpublished paper, it appears that their 
results differ somewhat from the current 
work. However, certain procedural differ- 
ences prevent a direct comparison of the 
two pieces of work. 

The results of this study shed some light 
on previous speculations which concluded 
that individuals do not behave as the game 
models prescribe. The current results enable 
us to say, tentatively, that in certain game 
situations, some intelligent individuals adopt 
minimax strategies and others do not. It is 
possible to speculate, and there is some 
evidence (Lieberman, 1959), that in situa- 
tions simpler than the present one a larger 
proportion of people would be rational. In 
more complex situations (two-person games 
involving mixed strategies and n-person 
games), fewer people would be rational. 

The situations of interpersonal conflict 
and interaction described by the game 
models appear to be both significant and 
general. Once the .greas of failure of the 
normative model are discovered and con- 
firmed, the construction of adequate de- 
scriptive theories of behavior in game 
situations would be of interest. The situa- 
tions involved in two-person, zero-sum 
games are analogous to some of those 
described by the stochastic learning models. 
However, no adequate descriptive theory of 
behavior in matrix game situations exists. 

In attempting to account for the be- 
havior of the Ss who did not adopt the 
optimal strategy in the course of play, it is 
necessary to examine some of the assump- 
tions underlying the study. People will 
repeatedly make rational choices only if they 
attempt to accumulate as much money as 
possible; and, given a rational opponent, are 
willing to accept the conservative, minimax 
value of the game. If Ss are indifferent to 
the loss of the small amounts of money 
involved, there is little to prompt them to 
behave rationally. In addition, it is necessary 
that the utility of the amounts of money 
involved be equivalent to (or at least 
linearly related to) their objective values. 

It is possible that these assumptions were 
not completely satisfied in the current work. 
Some Ss stated that they did not care about 
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the small losses; they chose to behave 
nonrationally to “make the game more 
interesting.” It is possible to think that for 
certain Ss, in certain parts of the game, the 
values —1¢ and —2¢ were approximately 
equal in utility value to zero and the values 
+1¢, +2¢ and +15¢ had an inordinately 
high utility. Also, the certainty of the zero 
payoff may have reduced the utility of that 
outcome and the uncertainty involved in 
nonrational choices may have had an 
attractiveness for the Ss.5 These considera- 
tions are not meant to serve as an explana- 
tion for the nonrational behavior of the Ss 
but they do serve to illuminate some of the 
considerations involved in such behavior. 
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Man is by nature a social animal, and an individual who is un- 
social naturally and not accidentally is either beneath our notice 
or more than human. Society is something in nature that precedes 
the individual. Anyone who either cannot lead the common life or 
is so self-sufficient as not to need to, and therefore does not partake 
of society, is either a beast or he is a god. 
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CRITIQUE AND COMMENT 


Interest in the Whorfian hypothesis—that the characteristics of a language 
have determining influences on cognitive processes—is increasing, not only 
among linguists and social anthropologists, but also among general seman- 
ticists, psychologists, social psychologists, and sociologists. Here is an 
interesting attempt by a social psychologist to systematize some of the 
work in this problem area, by proposing a double dichotomy which gives 
rise to a discussion of the hypothesis at four levels. 


A SYSTEMATIZATION OF THE WHORFIAN HYPOTHESIS 


by Joshua A. Fishman 
Yeshiva University 


INTRODUCTION 


URING the late 20’s and throughout the 
30’s two American linguists—Edward 


‘Sapir and Benjamin Lee Whorf—strikingly 


| 


; 
} 
i 
’ 


formulated anew the view that the cbharac- 
teristics of language have determining 
influences on cognitive processes. Since the 
languages of mankind differ widely with 
respect to their structural, lexical, and other 
characteristics, it followed that monolingual 
individuals speaking widely different lan- 


guages should, therefore, differ with respect 


to their symbolically mediated behaviors. 
This formulation immediately rekindled 
interest in this topie area among linguists 


and social anthropologists and, with the 


passage of time, their interest has been 
increasingly transmitted to general semanti- 
cists, psychologists, social psychologists, 
and sociologists. Currently, interest in the 
Whorfian hypothesis (at times also referred 
to as the Sapir-Whorf hypothesis, the 
Korzybski-Sapir-Whorf hypothesis, the lin- 
guistic Weltanschauung hypothesis, and 
the linguistic relativity hypothesis) is high— 
although there is no little difference of 
opinion as to its proper interpretation, its 
limits, its verifiability, and its validity. 
This essay represents an attempt by a 
social psychologist to systematize some of 
the work in this problem area. 


SOME LANGUAGE-THOUGHT RELATION- 
SHIPS NOT SUBSUMABLE UNDER THE 
WHORFIAN HYPOTHESIS 

Since psychologists have been crucially 
interested in the impact of verbal habits on 
other kinds of behavior from the very 
beginning of the emergence of psychology 
as a scientific discipline [viz., Ebbinghaus’s 
work with nonsense syllables (1897) and 
Galton’s with word association (1879)], it 
is probably desirable to begin our delibera- 
tions with a clear indication as to why most 
of these studies are not concerned with the 
phenomena of interest to students of the 
Whorfian hypothesis. The classical psycho- 
logical interest in this area is in terms of 
language as a human capacity. Psychologists 
have not been noticeably concerned with the 
unique ‘‘Englishness” of English and how 
it affects cognition—in the individual and in 
the culture—differently than the ““Navaho- 
ness” of Navaho. For the large number of 
American psychologists who have in recent 
years reported on the impact of verbal 
habits on perception (e.g., Solomon and 
H:wes, 1951; Miller, Bruner and Postman, 
1951; Postman and Conger, 1954; Postman 
and Rosenzweig, 1957), the fact that the 
language involved was English was of no 
particular concern. The same is true of 
those who have earlier and also recently 
studied the relationship between language 
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and learning (e.g., Lyon, 1914; Gates, 1917; 
Tsao, 1948), language and memory (e.g., 
Reed, 1924; Miller and Selfridge, 1950), and 
language and thinking (e.g., Eidens, 1929; 
Sells, 1936; Wilkins, 1928). Similarly, the 
studies of Piaget (1924), Vigotsky (1939), 
Luria (1959), and other European psycholo- 
gists in this tradition have not been inter- 
ested in the unique or characteristic verbal 
habits of French speaking or. Russian speak- 
ing individuals and how such habits uniquely 
or characteristically affect French thinking 
or Russian thinking. Even those studies 
that have worked with various “levels of 
approximation” (in an information theory 
sense) to the actual word sequences or 
letter sequences of some language (usually 
American English) have not been reacting 
to anything different in this respect than 
they would have been interested in were 
they working with some entirely different 
written or spoken language. 

Furthermore, the ‘‘other variable’’ in all 
of these studies (whether this other variable 
be perception, learning, memory, reasoning, 
etc.) is of interest to the psychologist only 
as it is manifested through verbal habits. 
Thus, Woodworth and Sells (1935) are not 
concerned with the impact of verbal or 
symbolic habits on non-verbal reasoning. 
Rather, they are interested in reasoning 
with verbal or symbolic materials to determine 
how such reasoning is affected by our long 
ingrained verbal or symbolic habits. Simil- 
arly, Postman and his students and col- 
leagues (references cited above) have been 
concerned not with the impact of verbal 
habits on the perception (visual or auditory) 
of non-verbal stimuli, but, rather, with the 
extent to which and the ways in which 
verbal habits control the perception of 
verbal stimuli. In other words, most classical 
psychological research in this area is not 
really concerned with the relationship 
between verbal habits on the one hand and 
certain non-verbal or non-linguistic be- 
haviors on the other. 

Although the Whorfian hypothesis has 
been discussed via data at various levels of 
linguistic and non-linguistic behavior, it 


differs from most psychological research 
dealing with the impact of verbal habits on 
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behavior either in one or in both of the} that 
respects indicated above: of a 
a. Research pertaining to the Whorfian| lang 
hypothesis is concerned with those verbal H 
habits that derive not from the mere fact of} long 
having acquired language but, rather, with} man 
those verbal habits that derive from some| peor 
characteristic or unique aspect of one or}  certé 
more given languages. Thus, the Whorfian} Wes 
hypothesis is not so much concerned with} anci 
verbal determinism in general as it is with{ _ barie 
relative linguistic determinism based upon} incot 
contrasts between the characteristics of; the 

specific languages. the 
b. Much, though by no means all, research; lang 
on the Whorfian hypothesis is concerned} was 
with relating these data pertaining to the} brou; 
unique characteristic nature of one or more} a par 
given languages to some non-linguistie} awar 
behaviors of the individual speakers of these} lingu 
languages. | untra 
| some 
THE WHORFIAN HYPOTHESIS: A BRIEF | frequ 
HISTORICAL INTRODUCTION ! and 1 
As is the case with many of the most; and p 
fertile ideas of interest to social scientists| sents 
today, it is possible to trace back some of| stater 
the ingredients which go to make up the langu 
Whorfian hypothesis at least to the mid-| relate 
nineteenth century, if not further. That) value. 
multifaceted genius, Wilhelm von Hum-| shape 
boldt, ventured to say in 1848 that ‘‘man, emoti 
lives with the world about him principally, sentia 
indeed . . . exclusively, as language presents| lingui: 
it.” (Cited by Trager, 1959.) Although we} social 
may not now agree that von Humboldt Am 
demonstrated this proposition, we must attem 
admit that he and his followers amassed 4 of sy 
wealth of linguistic evidence from langusgl those 
groups all over the globe in the process of anthr: 
their dedication to this proposition. In fact, compa 
it is from their early efforts that ethnolin4 shidies 
guistics arose as a recognizably separate area ane 
of scholarly activity. It was also in reaction te . 
to this activity that a particular brand di pane 
logical and scientific criticism developed) provid 
which long steered the major body of 8*on 
American linguistics away from ethnoli he ® 
guistic concerns. This criticism was deriv obtain 
from the superficiality of the data and t as Su 
prematureness of the conclusions via whiey Psycho 
ethnolinguistics arrived at the conclusi inform: 
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SYSTEMATIZATION OF THE WHORFIAN HyPoruHESsis 


that the “soul of a people” and the ‘mind 
of a people” was not only reflected by its 
language but, indeed, shaped by it. 

Humboldtian ethnolinguistics itself has 
long and intricate roots in the folklores of 
many peoples. The association between a 
people’s individuality and its language is 
certainly an ancient one in the history of 
Western and Near Eastern civilizations. The 
ancient Greeks applied the term “bar- 
barians” (those who say ba-ba, i.e. speak an 
incomprehensible tongue) to those to whom 
the gods had denied the gift of Greek, and 
the ancient Hebrews believed that their 
language was a uniquely holy vehicle that 
was created even before the world was 
brought into being and awarded to them as 
a particular gift of God. Certainly, linguistic 
awareness, linguistic pride, a belief in 
linguistic specialness and in the inherent 
untranslatability of one’s own vernacular or 
some other superposed language have been 
frequent components of the ethnocentrism 
and the world-views of many peoples, past 
and present. The Whorfian hypothesis repre- 
sents a groping toward the scientific re- 
statement and the objective evaluation of 
language-and-behavior phenomena that are 
related to this ill-defined, pre-scientific, and 
value-laden area that has hitherto been 
shaped primarily by strong beliefs and 
emotions. The Whorfian hypothesis es- 
sentially represents an attempt to study 
linguistic relativity by the means of modern 
social science methods. 

Among the earliest post-Humboldtian 
attempts to point out the linguistic relativity 
of symbolically mediated behavior were 
those made by the father of American 
anthropology, Franz Boas. An accomplished 
comparative linguist (i.e., a disciplined 
student of the structures of various lan- 
guages), even by present-day standards, Boas 
claimed that a ‘‘purely linguistic inquiry” 
provided the data for ‘“‘a thorough investi- 
gation of the psychology of the peoples of 
the world” (1911). The linguistic data 
obtained for this purpose Boas considered 
as superior even to that derivable from 
psychology directly, due to the fact that 
informants are more nearly unconscious of 
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the categories in their thinking which 
language as such reveals. 

With the writings of Edward Sapir, we 
approach the more direct and immediate 
antecedents of the Whorfian hypothesis. 
Sapir was a student of Boas and, like his 
teacher, firmly convinced that language 
could be regarded as the raw material of 
which a people’s outlook on the world is 
fashioned. In 1929 Sapir wrote: 


‘«.. . The ‘teal world’ is to a large extent un- 
consciously built up on the language habits of 
the group. The worlds in which different societies 
live are distinct worlds, not merely the same world 
with different labels attached. We [as individuals] 
see and hear and otherwise experience very largely 
as we do because the language habits of our com- 
munity predispose certain choices of interpreta- 
tion.”’ 


Here we find clearly expressed a theme to 
which Whorf and others have returned time 
and again, namely that language is not 
“merely” a vehicle of communication by 
which man talks about some objective 
reality ‘out there’ that exists previous to 
and independently of his language, but, 
rather, that language itself represents an 
objective reality by means of which man 
structures and organizes the ‘out there’ 
in certain characteristic ways. Thus, when 
languages differ maximally, the organizing 
schemata which their speakers impose on 
the non-linguistic world should also differ 
maximally. In his own words, Sapir claims 
that language ‘“‘does not as a matter of 
actual behavior stand apart from or run 
parallel to direct experience—but completely 
penetrates with it’? (1933). 

Although Sapir was certainly interested in 
linguistic relativity and convinced of its 
validity, his primary scientific and specu- 
lative contributions were made in connection 
with other topic areas. Benjamin Lee 
Whorf, on the other hand, devoted himself 
to the advancement of the hypothesis that 
now carries his name almost from the very 
beginning of his systematic work in lin- 
guistics up until the time of his premature 
death. In a series of articles—most of which 
have at long last been gathered together in 
one publication (Carroll, 1956)—based pri- 
marily on analyses of American Indian 
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languages (but also, at times, based on 
other non-European languages), Whorf 
constantly reiterated his conviction that a 
generally unrecognized ‘‘principle of rela- 
tivity’? was operative. In accord with this 
principle, ‘observers are not led by the same 
picture of the universe, unless their linguistic 
backgrounds are similar or can in some way 
be calibrated”’ (1940). 

Whorf’s writings have become a common 
ground on which the interests of many 
linguists, anthropologists, social psycholo- 
gists, and sociologists come together. Its 
attraction lies both in its dimly recognized 
reference to the classical problems of 
cultural differences, cultural relativity, and 
cultural universality as well as in its pro- 
vocativeness for modern, interdisciplinary, 
objective research. When Whorf says that 
“there is a precarious dependence of all we 
know upon linguistic tools which themselves 
are largely unknown or unnoticed,” he hits 
all of us where it hurts most—at the founda- 
tions of our certainty in our scientific find- 
ings and in our everyday decisions. When 
he attacks the view that grammars are 
“merely norms of conventional and social 
correctness” and claims that they are, in- 
stead, the cement out of which we fashion 
experience, we feel that he must either be 
pointing at an unnoticed and potentially 
dangerous popular fallacy or tilting at non- 
existent windmills. When he says that ‘‘we 
cut up nature—organize it into concepts— 
and ascribe significances as we do . . . largely 
because of the... absolutely obligatory .. . 
patterns of our [own] language,”’ he stirs in 
us both our ethnocentric group-pride as 
well as our universalistic anti-ethnocentrism. 
In short, Whorf (like Freud) impugns our 
objectivity and rationality. It is not sur- 
prising then that recent years have seen 
many logical as well as not a few experi- 
mental efforts to evaluate and re-evaluate 
both the conceptual and the empirical 
grounds upon which the Whorfian hypothesis 
rests. 


LEVEL 1. LINGUIS1IC CODIFIABILITY 
AND CULTURAL REFLECTIONS (THE 
FIRST LANGUAGE-LANGUAGE 
LEVEL) 


The weakest level of the Whorfian hy- 
pothesis (in the sense of being least pre- 
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tentious or least novel) is that which pro- 
vides evidence that languages differ “‘in the 
same ways’’ as the general cultures or sur- 
rounding environments of their speakers 
differ. Evidence along these lines has long 
been provided by ethnologists and folklor- 
ists, and its fragmentary and belated presen- 
tation by Whorfians can hardly be con- 
sidered as either a serious contribution to 
the social sciences generally or as a sub- 
stantiation of higher levels of the Whorfian 
hypothesis specifically. 

From the point of view of the language 
data presented at this first level of argumen- 


tation, it is not the grammatical structure as | 


such that is under consideration but, rather, 
the lexical store or the so-called ‘‘semantic 
gtructure.” Actually, that which is dealt 
with at this level might be referred to in 


present-day terms as contrasts in coditfi- 

ability. Language X has a single term for | 
phenomenon x, whereas language Y either | 
has no term at all (and therefore refers to | 
the phenomenon under consideration—if at | 
all—only via a relative cireumlocution) or | 
it has three terms, y1, v2, and ys, all within | 


the same area of reference. As a result, it is 
much easier to refer to certain phenomena | 
or to certain nuances of meaning in certain | 
languages than in others. Thus, codifiability | 
is also related to the question of translat- | 
ability and to “what gets lost’”’ in translation 
from one language to another. 

The examples that have been given at this | 
level of analysis are legion and no attempt, 
needs to be made to exhaustively catalog | 
them here. At times they are not accom- | 
panied by any explicit claims as to how the | 
noted codifiability differences are related to! 
implicit or explicit cultural differences. The | 
fact that there is no handy English equiva- 
lent for the German Gemiitlichkeit is rarely | 
explained as an indication that Germans are 
more gemiitlich. The fact that there may not, 
be an exact semantic (‘connotative”) | 
equivalence between horse, cheval, and pferd| 
is not seriously attributed to different cul- 
tural roles for horses or for man-horse rela- 
tionships in the three cultures from which 
these, words are derived. 

Nevertheless, there have been attempts 
to relate codifiability diffggences of the above 
type to behavioral diffet’nces. Usually, the 
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SYSTEMATIZATION OF THE WHORFIAN HyPporTuHEsISs 


behavior under scrutiny in this connection 
is language behavior, and the evidence ad- 
vanced as to the parallelism between selec- 
tive codifiability as an aspect of a given lan- 
guage and the language behavior of the speakers 
of that language is, at this level of analysis, 
of an anecdotal or fragmentary variety. 
Thus, the fact that the German language 
does have the term Gemiitlichkeit does make 
it easier for Germans to be aware of and to 
express this phenomenon. Americans can 
also struggle toward a_ cirecumlocutious 
formulation of this concept but the very 
fact that it is a struggle may mean that the 
concept is less clearly formulated and less 
aptly as well as less frequently expressed. 
Gastil’s concept of polysemy (1959) is also 
relevant at this level. In some languages, 
certain words have additional shades or 
ranges of meaning than their cognates or 
best equivalents in other languages. Thus, 
in French, one term is used for both ‘“‘con- 
science”’ and for ‘‘consciousness.”’ On the one 
hand, this means that French speakers do 
not have as easily available to them a dis- 
tinction that we have. On the other hand, 
it means that they have more easily available 
to them a partial identity of these two terms 
that it is very difficult for us to fully ap- 
preciate. Lindeman (1938) has demonstrated 
from textual analysis how this linguistic 
identity has led to a greater conceptual 
fusion between these two usages on the part 
of French philosophers than is true for 
English or German thinkers. Gastil gives 
several other examples of polysemy (1959), 
particularly as between English and Persian, 
which convincingly demonstrate that code 
efficiency is differentially selective in differ- 
ent languages with the result that what is 
easily expressible in one language is not 
necessarily easily or accurately expressible 
in another.! 

Assuming that the above holds true, the 


1 T have previously pointed to codifiability as a 
precursor of language behavior in such diverse 
areas as social sterotyping (Fishman, 1956) and 
witness performance (Fishman, 1957). In general, 
to the degree that we are here dealing with codifi- 
ability in the absence of any consistent cultural 
context, our concern with the impact of language 
habits on language performance is only a shade 
different than that of the studies that we have 
previously characterized as not being subsumable 
under the Whorfian hypothesis. 
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question still remains as to whether these 
observations are really pertinent to the 
Whorfian hypothesis. Seemingly so, for 
Whorf himself frequently presents data of 
this variety. Admittedly Whorf’s examples 
are largely drawn from American Indian 
languages (and contrasted with American 
English), and the implication is therefore 
strong that we are not only dealing with 
groups whose languages differ markedly but 
whose lives and outlooks also differ greatly. 
Nevertheless, at this level of analysis, 
Whorf (and others even more frequently 
than he) does not take pains to relate lin- 
guistic factors to non-linguistic ones, but 
merely presents an enchanting catalog of 
codifiability differences. English has separate 
words for “pilot,” “fly (n.),” and “airplane,” 
but Hopi has only one. Eskimo has many 
words for different kinds of “‘snow’”’ but 
English has only two. On the other hand, 
Aztec has only one basic word for our sepa- 
rate words “cold,” “ice,”’ and “snow.” We 
have one word for “‘water,” whereas Hopi 
has two, depending on whether the water is 
stationary or in motion. English has such 
words as “speed” and “rapid,’’ whereas 
Hopi has no real equivalents for them and 
normally renders them by “very” or “‘in- 
tense” plus a verb of motion. English has 
separate terms for “blue” and “green” but 
only one term for all intensities of “black” 
short of “gray.’”’ Navaho, on the contrary, 
does not have separate highly codeable 
terms for ‘‘blue’”’ and “green” but does have 
two terms for different kinds of “black.” 
English has the generic term “horse” but 
Arabic has only scores of different terms for 
different breeds or conditions of horses. The 
kinship terminology in some languages is 
certainly vastly different (and in certain 
respects both more refined and more gross) 
than it is in English. In all of these cases, it 
is not difficult to relate the codifiability 
differences to gross cultural differences. 
Obviously, Eskimos are more interested in 
snow, and Arabs in horses, than are most 
English speakers. Obvious, also, is the fact 
that these codifiability differences help 
speakers of certain languages to be more 
easily aware of certain aspects of their en- 
vironment and to communicate more easily 
about them. This, essentially, was the lesson 
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we learned from Bartlett’s early work on 
remembering (1932). In this sense, then, 
their languages structure their verbal be- 
havior in a non-trivial way and ostensibly 
also structure their pre-verbal conceptual- 
izations as well. 


Other phenomena 


Before proceeding to a summary and 
evaluation of this particular level of the 
Whorfian hypothesis, it might be well 
briefly to point out other phenomena that 
are subsumable under it. The ‘‘phatic com- 
munion” concept which Malinowski intro- 
duced so long ago (1923), and which so 
many have quoted but which few have 
elaborated, may in large part be seen as a 
codifiability phenomenon at the language- 
language level. It is probable that all tra- 
ditioned groups, particularly those sharing 
many intimate and heightened experiences, 
develop differential codifiability in their 
languages. As a result, it is quite likely that 
they then find it easier, more meaningful, 
and more accurate to communicate their 
unique or characteristic experiences in their 
own language than in any other. The elliptic, 
highly abbreviated, seemingly mysterious, 
and non-verbal aspects of ‘‘phatic com- 
munion” (to outsiders) may be no more than 
a result of the differences between what are 
readily encodeable messages (verbal and 
non-verbal) for any group in its own lan- 
guage, and what are readily encodeable (and 
therefore decodeable) messages for some 
other group of observers who are ‘‘out- 
siders.”’ In a sense, we are dealing once more 
with the relative translatability of the sup- 
posedly untranslatable. Since differential 
codifiability is so very often a correlate of 
distinctive cultural patterns, it seems quite 
understandable why most speakers of a 
language come to feel that no other language 
can as adequately cope with the very nu- 
ances of meaning and the very experiential 
patterns which are most significant to them 
in terms of their cultural distinctiveness. 
From this awareness it is but a short jump to 
language loyalty and language glorification. 
Thus, “word magic” may not be nearly as 


primitive, childish, or illogical as Freud 
suggests. There is magic indeed in a lan- 
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guage whose differential codifiability makes 
it peculiarly suitable for the expression of an 
individual’s most central personal and cul- 
tural experiences. In contrast to such a 
language, all others must seem pale indeed. 

In conclusion, it must be said that. the 
evidence for the Whorfian hypothesis at this 
first level is concerned neither with a truly 
structural analysis of language nor with a 
full-blooded analysis of the non-linguistie 
concomitants or resultants of language struc- 
ture. In dealing with language-language 
relationships, the data are presented in a 
seemingly anecdotal and selective manner 
which fails to convince those who require 
more disciplined and organized approaches 
both to data and to demonstration. Nothing 
as grandiose as a “world-view” is produced 
by data at this level, although quite fre- 
quently we must admit that the reporter 
gives much evidence of having fully im- 
mersed himself in the language and culture 
under study. Whorf himself is truly amazing 
ir this last respect. Nevertheless, this first 
level is certainly a comedown from the more 
advanced levels of argumentation that he 
pursued. Perhaps this can be explained by 
his sheer fascination—often quite emotional 
in tone—with the American Indian lan- 
guages which he had mastered. Undoubtedly 
the great structural differences between 
these languages and those that he almost 
disdainfully called ‘Standard Average Euro- 
pean” (1941) provided much of the intel- 
lectual stimulation for his linguistic rela- 
tivity hypothesis. On the other hand, he 
seems so fond of “playing” with these lan- 
guages, fondling and dissecting their units of 
expression, that he may have been unable to 
withstand the temptation to do so even when 
he was not contributing thereby to the ulti- 





mate argument that he sought to advance. | 
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not be accomplished as well as if he had such 
means.”’ (1959) 


Whorf would probably not have settled 
for as limited a claim as the foregoing. 


LEVEL 2. LINGUISTIC CODIFIABILITY 
AND BEHAVIORAL CONCOMITANTS 


At the second level of analysis of the 
Whorfian hypothesis, we leave behind the 
limitations of znference from codifiability in 
language to ease of formulation or expression 
via language. That is to say, we leave be- 
hind the language-language behavior level for 
the level in which language-nonlanguage 
behavior becomes of paramount interest to 
us. That this is a necessary direction for our 
inquiry to take has been recognized by 
Carroll and Casagrande who write in a 
recent preview of a forthcoming book: 


“In order to find evidence to support the lin-— 


guistic relativity hypothesis it is not sufficient 
merely to point to differences between languages 
and to assume that users of these languages have 
correspondingly different mental experiences. If 
we are not to be guilty of circular inference, it is 
necessary to show some correspondence between 
the presence or absence of a certain linguistic 
phenomenon and the presence or absence of a 
certain kind of non-linguistic response.’’ (1958) 


Note that the above quotation merely 
refers to ‘‘a certain linguistic phenomenon” 
rather than restricting the type of linguistic 
phenomenon that requires attention. The 
hallmark of the second level is that the 
“predictor” variables seem once more to be 
of the lexical or semantic codifiability type 
(and in this respect similar to Level 1, dis- 
cussed above), whereas the “criterion vari- 
ables” are of the non-linguistic behavior 
type (and in this respect different from, and 
an advance over, those encountered at Level 

1). Thus far, there have been only a very 


rst. few studies which strike me as operating at 
jude| this level of analysis. The earliest one by 
n of; far is that of Lehmann (1889) who demon- 
| strated that identifying a different number 
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ach of nine different shades of gray 
was of substantial help in behaviorally dis- 
criminating between these shades of gray. 
In essence, then, the numbers functioned as 
verbal labels. The availability (codifiability) 
of such labels for some Ss resulted in much 
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better discrimination-identification of the 
shades of gray than that which obtained in 
other Ss who had to perform the same dis- 
crimination-identification task without being 
provided with such labels. 

' Some exceptionally interesting and so- 
phisticated work with the codifiability con- 
cept in the color area has more recently been 
reported by Brown and Lenneberg (1954) 
and by Lenneberg alone (1953, 1957). These 
investigators have shown that culturally 
encoded colors (i.e., colors that can be named 
with a single word) require a shorter response 
latency when they need to be named than do 
colors that are riot culturally encoded (i.e., 
that require a phrase—often an individually 
formulated phrase—in order to be de- 
scribed). At this point, their evidence per- 
tains to Level 1 that we have previously 
discussed. In addition, these investigators 
have gone on to show that the more highly 
codified colors are more readily recognized 
or remembered when they must be selected 
from among many colors after a period of 
delay subsequent to their original presenta- 
tion. This finding was replicated among 
speakers of English and speakers of Zuni, 
although somewhat different segments of the 
color spectrum were highly codeable for the 
two groups of Ss. The investigators sum- 
marize their findings to this point as follows: 


‘It is suggested that there may be general laws 
relating codability to cognitive processes: All 
cultures could conform to these laws although 
they differ among themselves in the values the 
variables assume in particular regions of experi- 
ence.’’ (Brown and Lenneberg, 1954) 


Going on from this original statement, 
Lenneberg (1957) has further refined its 
experimental underpinnings by showing that 
the learning of color-nonsense syllable associ- 
ations was predictably easier or harder as 
the learning task involved color categories 
that varied in degree from the ones that 
were most commonly recognized by his 
English-speaking Ss. He therefore concluded 
that ‘‘there is good evidence that the shape 
of word frequency distributions over stim- 
ulus continua regulates the ease with 
which a person learns to use a word cor- 
rectly.” This conclusion should be as appli- 
cable to original language learning as it is to 
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second and to artificial language learning, 
for it basically pertains not to language 
usage per se but to concept formation as 
such. 

The color continuum seems to be a par- 
ticularly fortunate area in which to study 
codifiability-cognition phenomena precisely 
because it is a real continuum. As such, no 
“objective” breaks occur in it and it is a 
matter of cultural or sub-cultural consensus 
as to just which breaks are recognized, just 
where on the spectrum they are located, and 
how much of a range they include. The 
demonstration that these various codifi- 
ability considerations influence recognition, 
recall, and learning has been most fortu- 
nately executed. Lenneberg and Brown are 
also alert to the fact that at this level it is 
perfectly acceptable to work with intra- 
linguistic designs rather than to necessarily 
utilize the interlinguistic designs in terms 
of which the Whorfian hypothesis is most 
frequently approached. What is easily codi- 
fiable, and the specific range and content of 
easily codeable categories, does depend on 
the particular language under consideration. 
It also depends on the particular experiences 
of subgroups of speakers. As a result, con- 
trasts in rate, ease or accuracy of various 
cognitive functions should be (and are) 
demonstrable both intralinguistically and 
interlinguistically as a function of code- 
ability norms. Intralinguistie codifiability- 
cognition differentials in various natural 
population groupings should be of particular 
interest to students of social stratification. 

Brown and Lenneberg have ‘conducted 
their work with a conscious awareness of the 
Whorfian hypothesis and how it must be 
further specified or delimited. On the other 
hand, there have been other investigators 
who have also worked in the language-be- 
havior domain at this level without any 
particular awareness of the Whorfian hy- 
pothesis as such. If the organizational 
framework here being advanced has been 
insightfully developed, it should nevertheless 
be possible to subsume their findings within 
it. In fact, it may turn out that within the 
context of the Whorfian hypothesis these 
other studies will obtain a new coherence and 
provocativeness. As a start in this direction 
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(and an exhaustive search of the literature 
would be necessary in order to seriously go 
beyond such a start), I would classify the 
oft-cited work of Carmichael, Hogan, and 
Walter (1932) on memory for visual stimuli 
to which different verbal labels have been 
attached, as well as the problem-solving 
work of Maier (1930), and the transactional 
studies summarized by Kilpatrick (1955) on 
perceptual learning and _ problem-solving 
with and without verbal set as belonging at 
this level of analysis. These three last-men- 
tioned studies also utilize intralinguistie 
designs. 

The only study at this level that is directly 
inspired by the Whorfian hypothesis while 
utilizing an interlinguistic design is the one 
which Carroll and Casagrande refer to as 
“Experiment I’ (1958). In this study, fluent 
Hopi speakers were compared with two 
different groups of English speakers with 
respect to sorting or picture classifying be- 
havior. Utilizing the kind of lexie data that 
we have discussed in connection with Level 
1, Carroll hypothesized that in each set of 
three stimulus plates Hopi speakers would 
more usually classify a certain subset of two 
as belonging together (because in Hopi the 
seemingly dissimilar activities depicted were 
nevertheless commonly ‘‘covered” by a 
single verb) whereas English speakers would 
more frequently classify another subset of 
two as belonging together (because in 
English a single verb was commonly used in 
referring to them). Although Carroll’s data 
are quite far from revealing a uniform associ- 
ation between ‘Hopi categorizing responses” 
and Hopi speakers, or between ‘English 
categorizing responses”? and English speak- 
ers, they nevertheless do reveal quite a 
substantial tendency in that direction. In 
addition, his graduate student Ss, whom we 
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might have expected to be more ‘‘verbally! 
minded,” give the predicted ‘‘Inglish cate-. 
gorizing responses” much more frequently 
than do his rural white Ss. 

All in all, this is certainly an experi 
mentally exciting level of analysis and one 
which will undoubtedly develop further in 
the years ahead. It will certainly be subject 
to mmproved experimental techniques since 
those now working in it are themselves 


ideas, bi 
program 
activity, 
synthesi: 
tion of id 
rational 

ular grar 
between 


Final 
paraphr 
' by two « 











ire 
go 
he 
nd 
uli 
en 
ng 
al 
on 
ng 
at 
n- 
tic 


tly 
vile 
yne 
as 
ant 
wo 
ith 
be- 
nat 
vel 
of 
uld 
wo 
the 
ere 
a 
uld 
of 
in 

1 in 
ata 
el 
es” 
lish 
ak- 
> 8 
In 
we 
ally 
ate- 
tly 


eri- 
one 
r in 
ject 
ince 
lves 


aware of improvements that they hope to 
introduce into their future work in this area. 
This would seem to be the level of the 
Whorfian hypothesis most likely to attract 
social psychologists and sociologists with 
empirical interests in language phenomena. 


LEVEL 3. LINGUISTIC STRUCTURE AND 
ITS CULTURAL CONCOMITANTS 


When we turn our attention from the 
second to the third and fourth levels of the 
Whorfian hypothesis, we progress from 
lexical differences and so-called ‘semantic 
structure” to the more “formal” and sys- 
tematized grammatical differences to which 
linguists have most usually pointed when 
considering the structure of a language or 
structural differences between languages. 
There is some evidence that although 
Whorf and others may, at times, have re- 
verted to lower levels of presentation and 
documentation they, nevertheless, did as- 
sociate linguistic relativity in its most per- 
vasive sense with structural (i.e., gram- 
matical) rather than merely with lexical 
aspects of language. This is suggested by 
such formulations as Sapir’s that meanings 
are “not so much discovered in experience 
as imposed upon it, because of the tyrannical 
hold that linguistic form has upon our ori- 
entation to the world” (1919, my italics). 
Somewhat more forcefully stated is Whorf’s 
claim that ‘‘the world is presented in a 
kaleidoscopic flux of impressions which has 
to be organized .. . largely by the linguistic 
systems in our minds” (1940, my _ italies). 
More forceful still—and there are a large 
| number of possible quotations of this kind— 
}is Whorf’s statement that 
{ 


“...the background linguistic system (in 
| other words, the grammar) of each language is 
not merely a reproducing instrument for voicing 
| ideas, but rather is itself the shaper of ideas, the 
program and guide for the individual’s mental 
activity, for his analysis of impressions, for his 
, synthesis of his mental stock in trade. Formula- 
tion of ideas is not an independent process, strictly 
rational in the old sense, but it is part of a partic- 
ular grammar and differs, from slightly to greatly, 
between grammars.”’ (1940) 





Finally, we may offer in evidence the 
paraphrasings of the Whorfian hypothesis 
! by two eminent American linguists who have 
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been both interested in and sympathetic to 
this hypothesis. The first of these says simply 
that ‘It is in the attempt properly to inter- 
pret the grammatical categories of Hopi that 
Whorf best illustrates his principle of lin- 
guistic relativity’ (Hoijer, 1954, my italies). 
The other; as part of a more extended and 
systematic argument, says 


‘‘Language as a whole has structure and all of 
its parts and subdivisions also have structure 
... lif] the rest of cultural behavior has been 
conditioned by language, then there must be a 
relationship between the structure of language 
and the structure of behavior.’’ (Trager, 1959) 


The emphasis on language structure as the 
critical feature in his linguistic relativity 
hypothesis is actually a later and more 
mature level of Whorf’s own thinking in this 
area. Sapir, on the other hand, as a pro- 
fessionally trained and professionally ori- 
ented linguist, was quite probably interested 
in language structure from the very outset. 
Whorf’s intellectual and technical develop- 
ment in this topic area shows a transition 
from diffuse and unsystematic lexical analy- 
ses to more focused and interrelated gram- 
matical analyses, the turning point coming 
most noticeably after his studies with Sapir. 
Be this as it may, both levels of argumenta- 
tion do appear in Whorf’s writings and even 
his later writings reveal many instances of 
regression to the first level discussed above. 
Thus, it is not strange that in the delibera- 
tions of many other students of this problem, 
whether in the roles of protagonists or 
detractors, the distinction between the 
lexical and the grammatical levels of analysis 
has not been fully exploited. 

At the third level of analysis, we once more 
find ourselves in a realm of rich though 
ambiguous anthropological and ethnological 
data. As was the case with Level 1, above, 
the direct association or chain of reasoning 
between grammatical structure on the one 
hand and “something else’”’ (be it Weltan- 
schauung or even some less embracing seg- 
ment of culture or values) on the other is not 
explicitly stated. Often, the ‘something 
else”’ is not stated at all and yet there is the 
general implication that grammatical oddi- 
ties of the type presented cannot help but 
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be paralleled by unique ways of looking at or 
thinking about or reacting to the surround- 
ing environment. Thus, one encounters such 
evidence as that Chinese has no singular and 
plural or that it has no relative clauses 
(which we English speakers do have), 
whereas other languages have more levels of 
grammatical number (including singular, 
dual, tri-al, and plural forms—which we 
English speakers do not have). In this vein, 
the cataloging of grammatical differences 
can continue at great length (languages that 
do recognize gender of nouns and those that 
do not, languages that have tenses and 
those that do not, etec.); for both anthro- 
pologists, linguists, and a variety of non- 
specialists have contributed to the fund of 
knowledge of phenomena of this type, always 
with the implication that it is clearly illogical 
to seriously suggest that linguistic phe- 
nomena such as these would have no rela- 
tionship to life, to thought, and to values. 
On the other hand, there are also several 
investigators that have attempted to indicate 
what the “something else’ might be. In 
contrasting Hopi with English, Whorf 
(1940) has pointed to such odd grammatical 
features in Hopi as the absence of tenses, the 
classification of events by duration cate- 
gories such that ‘“‘events of necessarily brief 
duration (lightning, wave, flame, meteor, 
puff of smoke, pulsation) cannot be anything 
but verbs,” the presence of grammatical 
forms for indicating the type of validity the 
speaker intends to attribute to his utterance 
(statement of current fact, statement of fact 
from memory, statement of expectation, 
and statement of generalization or law), etc. 
To Whorf all of these grammatical features 
seemed congruent with an outlook on life 
that was “timeless” and ahistorical in the 
sense that past, present, and future are seen 
as a continuity of duration, experience being 
cumulative and unchanging for countless 
generations. As a result of the “‘timelessness”’ 
of Hopi life, it is of greater importance for 
Hopi speakers to distinguish between the 
duration of events and their certainty than 
to indicate when they occurred (1941). A 
similarly ingenious and sensitive analysis is 
followed by Hoijer (1951, 1954) in con- 
nection with the Navaho verb system in 
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which there is no clean separation between : 

actors, their actions, and the objects of ea 
these actions. As Hoijer sees it, the Navaho sso 
verb links the actor to actions which ar ~ s 
defined as pertaining to classes-of-beingg, a 
Thus it would appear that people merely} - the 
“participate in” or “get involved in” some. dish. 
how pre-existing classes of actions rather a 
than serve as the initiators of actions, td 
Hoijer interprets these grammatical charac. analy: 
teristics as being consistent with the “pas. hl 
sivity” and “‘fatefulness” of Navaho life and h t 
mythology in which individuals adjust to 4 “i ; 
universe that is given. Finally, in Nootka, metho 
Whorf finds a connection between the ab- “old 
sence of noun-verb distinctions and “g nee”? 
monistic view of nature” (1940). Old C 

An example of work of this kind with the B 
modern European languages is provided by “other 
Glenn (1959). He points to the fact that the of pean 
adjective most commonly precedes the noun temeri 
in English whereas it most commonly follows a rigor 
it in French. The former pattern Glenn con- recogn 
siders to be descriptive in a narrow or par- this ay 
ticularistic sense, more in keeping with out (se 
inductive thought. The latter pattern he the th 
considers to be classificatory in a manner sought 
that moves from broader to narrower cate- ot the 
gories, as is the case with deductive thought} yhich 
Glenn then proceeds to find “‘inductiveness”| jn dient 
in English behaviors of various kinds (an matics 
inductive legal system in which many mi- brougt 
nute precedents culminate in the inductive proyay 
formation of the common law, local govern- only d 
mental jurisdictions, and greater attention] prejay 
to pragmatic detail rather than to all-em| gice 
bracing theoretical unities, ete.) and “de- langua 
ductiveness” in diverse areas of French) ture < 
behavior (a broad legal code first and then wht 
individual decisions deduced from it, cen- ing toy 
tralized governmental authority, the pti! tring; 
macy of broad theoretical and philosophical tooves 
interests, ete.). Whorf, too, has dealt with) gonoer 
the world view of Standard Average Euro- mainsr 
pean speakers, concluding from grammatical, Ag soo 
analyses that it emphasizes the concrete or (based 
material and the quantifiable (1941). 

The efforts by Whorf, Hoijer, Glenn ang * Whe 
similar scholars (see, e.g., Boas, 1938; Lee, rae 
1944) merit considerable respect. They must! relation 
be, separated in our evaluation from pseudo} pecially 
serious efforts to attribute or relate the ge 
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musicalness of Italians to the light, melodi- 
ous nature of the Italian language, or the 
stodginess of Germans to the heavy, lugubri- 
ous quality of the German language, or the 
warm, folksiness of Eastern European Jews 
to the intimate emotional quality of Yid- 
dish, etc.? Superficially, the two approaches 
may seem similar, but the latter approach 
does not even have a serious structural 
analysis of language to recommend it. 
Nevertheless, the appeal of the Whorfian 
hypothesis for some lies precisely in the fact 
that it attempts to apply modern scientific 
methods and disciplined thought to such 
“old chestnuts” as the presumed ‘“natural- 
ness”’ that Hebrew (or Greek, or Latin, or 
Old Church Slavonic) be the language of 
the Bible, given its ‘classic ring” and its 
“otherworldly purity.”” However, with all 
of our admiration for those who have had the 
temerity as well as the ingenuity to attempt 
a rigorous analysis at this level, we must also 
recognize the limitations which are built into 
this approach. As many critics have pointed 
out (see, e.g., Lenneberg, 1953; Gastil, 1959), 
the third level of analysis has not normally 
sought or supplied independent confirmation 
of the existence of the “something else” 
which their grammatical data is taken to 
indicate. As a result, the very same gram- 
matical designata that are said to have 
brought about (or merely to reflect) a given 
Weltanschauung are also most frequently the 
only data advanced to prove that such a 
Weltanschauung does indeed exist. Thus, 
once more, we are back at a language- 
language level of analysis (language struc- 
ture < language-behavior-as-indication-of- 
world-view). Perhaps social scientists work- 
ing together with linguists (or individuals 
trained in both fields) will ultimately be able 
to overcbme this limitation as other evidence 
concerning national character and cultural 
mainsprings is amassed and systematized. 
As soon as there is sufficient ‘other’ data 
(based on analysis of folklore materials, 


* Whorf himself makes a disclaimer along these 
lines when he states ‘‘I should be the last to pre- 
tend that there is anything so definite as ‘a cor- 
relation’ between culture and language, and es- 
pecially between enthnological rubrics such as 
‘agricultural, hunting,’ etc. and linguistic ones 
like ‘inflected,’ ‘synthetic,’ or ‘isolating.’ ”’ (1941) 
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personality data, value-orientation measure- 
ments, etc.) and sufficient agreement as to 
how such data should be interpreted, there 
might well be a kind of Human Relations 
Area Files from which systematic variations 
in grammatical structure and systematic 
variations in value structure or life-style 
might be determined. This may not be too 
different from what Trager (1959) has had 
in mind in calling for greater attention to 
the recognition of structure in non-verbal 
areas of culture in order to push forward 
with research on the Whorfian hypothesis. 

Pending the availability of such data, we 
might well consider that it is not the lan- 
guage-language nature of argumentation at 
this level that is, per.se, its greatest draw- 
back but rather its susceptibility to selective 
presentation and to biased interpretation. 
Verbal behavior may long continue as our 
major avenue of insight into values and 
motives. What we must be ever more dis- 
satisfied with, however, are the self-selected 
lists of grammatical examples and the self- 
selected enumerations of cultures, cultural 
values or themes, and the evidence per- 
taining to the existence of such themes. In 
attempting to avoid these particular pitfalls, 
students of the Whorfian hypothesis have 
increasingly come to express a preference 
for a study design which investigates the 
relationship between grammatic structure on 
the one hand and individual non-linguistic 
behavior on the other. Although this is both 
a logical and a very promising solution to 
many of the above-mentioned problems, 
there is nevertheless no need to conclude at 
this point in our knowledge that it is the 
only one possible. 


LEVEL 4. LINGUISTIC STRUCTURE AND 
ITS BEHAVIORAL CONCOMITANTS 

The conceptual and methodological su- 
periority of the fourth level of the Whorfian 
hypothesis is one thing. The accessibility of 
this level for study may well be quite another 
thing. It does seem that this level is in some 
ways the most demanding of all, for it re- 
quires detailed technical training at both the 
predictor and the criterion ends of the 
relationship to be investigated. This may be 
the reason why there currently appears to 
be only one study which might possibly be 
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said to be an example of work at this level,’ 
although in the future we might expect it to 
elicit greatly increased interest among socio- 
linguists and social psychologists with 
technical linguistic training. This is the 
study by Carroll and Casagrande which they 
refer to as Experiment II (1958). The gram- 
matic features of interest to Carroll and 
Casagrande in this study are the particular 
verb forms required in Navaho verbs for 
handling materials in accord with the shape 
or other physical attribute (flexibility, flat- 
ness, etc.) of the object being handled. Note 
that Carroll and Casagrande are concerned 
here with distinctions in verb forms rather 
than distinctions between mere lexical ab- 
sence or presence of verbs as such. Presum- 
ably it is this fact which permits us to 
consider Experiment II as a Level 4 study 
rather than as a Level 2 study. The non- 
linguistic data utilized by Carroll and 
Casagrande are the object-classifying be- 
haviors of their Ss when presented first with 
a pair of objects which differ from each other 
in two respects (e.g., color and shape) and 
then with a third object similar to each 
member of the original pair in one of the 
two relevant characteristics. The Ss were 
asked to indicate ‘which member of the 
(original) pair went best with the (third) 
object shown him.” If the S’s reaction was 
governed by the requirements of Navaho 
verbal form, he would have to select a cer- 
tain one of the original set of objects. 
Carroll and Casagrande’s hypotheses are 
quite explicitly stated: “(a)... that this 
feature of the Navaho language would 
affect the relative potency or order of emer- 
gence of such concepts as color, size, shape 
or form, and number in the Navaho-speaking 
child (specifically, that shape or form would 
develop earlier and increase more regularly 
with age, since this is the aspect provided 
for in the verb forms themselves), and (b) 
that he (i.e., the Navaho child) would be 
more inclined to perceive formal similarities 
(i.e., shape or form similarities) between 
objects than would English-speaking Na- 


3 Related to this level of demonstration, but 
dealing with artistic structure rather than linguis- 
tic structure, are the findings summarized by Hall- 
owell (1951) on the impact of culturally defined 
artistic styles on individual perceptions of reality. 


FISHMAN 


vaho children of the same age.” Carroll and 
Casagrande also assure us that the verb 
stems in question 


“compromise what Whorf has called a covert 
class and in the absence of native grammarians 
the pertinent grammatical rules operate well’ 
below the level of conscious awareness. Although 
most Navaho-speaking children, even at age 3 
or 4, used these forms unerringly, they were un- 
able to tell why they used a particular form with 
any particular object. Even when a child could 
not name an object—or may not have seen one 
like it before--in most cases he used the right 
verb form according to the nature of the object.” 


This last concern points up the importance of 
using unsophisticated Ss in this area of 
research in the same way as this is an im- 
portant requirement in many attitudinal, 
motivational, or other dynamic fields of 
inquiry. 

Carroll and Casagrande’s original Ss were 
two very different groups of Navaho chil- 
dren—one being described as “Navaho 
dominant” (i.e., Ss who were either mono- 
lingual speakers of Navaho or else were 
bilinguals in whom Navaho speaking was 
dominant over speaking English) and the 
other as “English dominant.” Finally, a 
further control group was obtained con- 
sisting of white middle class children in the 
Boston area. All subjects were of roughly 
comparable ages. In many respects Carroll 
and Casagrande’s findings are extremely 
favorable for the Whorfian hypothesis. The 
Navaho-dominant Navaho Ss make the 
choices predicted by Navaho verb-stem 
requirements significantly more frequently 
than do the English-dominant Navaho Ss. 
In addition, there is quite a consistent in- 
crease in the ‘‘Navaho required responses” 
with age, although the Navaho-dominant 
Ss make such responses more frequently at 


poo 





every age from 3 through 10. Thus, when | 
only these two groups of Ss are considered, | 
the evidence is quite favorable to the! 
Whorfian hypothesis—even though there is | 
far from a one-to-one relationship between 
language dominance and object-classifying 
behavior. However, when the data from the 
Bostonian Ss are considered, some provoca- 
tive difficulties appear. The white middle 
class children from the Boston area are evel; 
more Navaho in their object-classifying 
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behavior than the Navaho-dominant Ss!4 
This superficially embarrassing finding is 
nevertheless of great provocative value both 


* to Carroll and Casagrande and to all of those 


with concerns in this area, for it forces.a 
consideration not only of the absence or 
presence of linguistic relativity in cognitive 
processes but of the degree (‘‘strength”) of 
this relativity as well as of its relative 
strength in comparison to other factors that 
may affect the direction of cognitive proc- 
esses in various human groups. Perhaps, 
then, this may be the appropriate place to 
pause to consider this very matter. 


THE DEGREE OF LINGUISTIC RELATIVITY 


The fascination of the Whorfian hypothe- 
sis is in some ways compounded of both 
delights and horrors. We have already 
speculated concerning the delights. Let us 
now mention the horrors. The first is the 
horror of helplessness, since all of us in most 
walks of life and most of us in all walks of 
life are helplessly trapped by the language 
we speak. We cannot escape from it-—and, 
even if we could flee, where would we turn 
but to some other language with its own 
blinders and its own vice-like embrace on 
what we think, what we perceive, and what 
we say. The second horror is the horror of 
hopelessness—for what hope can there be 
for mankind?; what hope that one group 
will ever understand the other?; what hope 
that one nation will ever fully communicate 
with the other? This is not the place for a 
full-dressed philosophical attack on these 
issues. Let us merely consider them from 
the point of view of the kinds of evidence 
supplied by some of the very studies we 
have mentioned. 

The most “reassuring” facts that derive 
from Levels 1 and 2, the lexical and semantic 
codifiability levels of the Whorfian hypo- 


4 Note: ‘‘I have just within the past couple of 
months gotten additional data from an age and 
sex matched group of Harlem school children. 
Though by no means affording a perfect control 
group, I think it is a closer match to my English 
dominant Navahos than educationally advanced 
middle class youngsters from Boston. . . . On in- 
spection the results show the Harlem group to be 
very close to the English dominant Navahos and, 
of course, the same age trend shows up.’’ (Casa- 
grande, 1960) 


thesis, are that the noted non-translatability 
and the selective codifiability really pertain 
not so much to all-or-none differences 
between languages as to differences in 
relative ease or felicity of equivalent desig- 
nation. Whenever we argue that there is no 
English word (or expression) for , which 
means so-and-so (or approximately so-and- 
so, or a combination of Y and Z) in English, 
we are partially undercutting our own 
argument. In the very formulation of our 
argument that there is ‘no English word 
(or expression) for ———” we have gone on 
to give an English approximation to it. 
This approximation may not be a very 
successful one but if that becomes our 
concern we can go through the contortions 
(both intellectual and gesticulational) that 
are required for an inching up on or a 
zeroing in on the non-English word or 
expression that we have in mind. The 
amount of effort involved may, at times, 
be quite considerable and even the final 
approximation may leave us dissatisfied. 
However, after all is said and done, this is 
not so different, in terms of both process 
and outcome, as the communication prob- 
lems that we face with one another even 
within our own speech community. We can 
do no better than to quote Hockett’s con- 
clusions at this point, in support of what has 
just been said. 





“Languages differ not so much as to what can 
be said in them, but rather as to what it is rela- 
tively easy to say in them. The history of Western 
logic and science constitutes not so much the 
story of scholars hemmed in and misled by the 
nature of their specific languages, as the story of 
a long and fairly successful struggle against in- 
herited linguistic limitations. Where everyday 
language would not serve, special sub-systems 
(mathematics, e.g.) were devised. However, even 
Aristotle’s development of syllogistic notation 
carries within itself aspects of Greek language 
structure. 

“The impact of inherited linguistic pattern on 
activities is, in general, least important in the 
most practical contexts and most important in 
such ‘‘purely verbal’’ goings-on as story-telling, 
religion, and philosophizing. As a result, some 
types of literature are extremely difficult to trans- 
late accurately, let alone appealingly.’’ (1954) 


Turning now to Levels 3 and 4, where we 
become concerned with the imbedded 
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structural features of a language, it seems 
to be important that we realize that Whorf 
never proposed that all aspects of gram- 
matical structure must tnevitably have 
direct cognitive effects. Thus, to begin with, 
we are faced with the task of locating those 
few grammatical features which might have 
definable but unconscious functional cor- 
relates in our unguarded behavior. This is 
what Hoijer has in mind when he points to 


“Mark Twain’s amusing translation of a Ger- 
man folktale into English, where he regularly 
translates the gender of German nouns by the 
English forms he, she, and it. [This] illustrates in 
caricature the pitfalls of labeling the purely gram- 
matical categories of one language in terms of 
the active structural-semantic pattern in another.”’ 
(1954) 


Lenneberg too has pointed to this very 
same principle (1953) when cautioning us 
that differences in metaphorical develop- 
ment in various languages may not only 
have no differential conscious correlates, 
but no differential unconscious ones as well. 

If we look to Levels 2 and 4, these being 
the levels in which the behavioral con- 
comitants of linguistic features are experi- 
mentally derived, we once more must reach 
the conclusion that linguistic relativity, 
where it does exist, is not necessarily an 
awesomely powerful factor in cognitive 
functioning. The relationships that have 
been encountered, though clear-cut enough, 
seem to be neither very great nor irreversible 
in magnitude. The very fact that increased 
infant and early childhood experience with 
toys and objects requiring primarily a form 
reaction can result in a Navaho-like classify- 
ing preference among monolingual English- 
speaking children also*means that other 


Data of 
Language Characteristics 


Lexical or ‘‘semantic’’ characteristics 





Grammatical characteristics 
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kinds of environmental experiences might 
very well produce an English-like classifying 
preference among monolingual Navaho. 
speaking children. No one has yet directly 
studied the success with which behaviors 
predicted on the basis of linguistic relativity 
can be counteracted by either (a) simply 
making Ss aware of how thei language 
biases affect their thinking or (b) actively 
training Ss to counteract these biases. It 
may be, after all, that this is an area in 
which Ss can, with relatively little effort, 
learn how to “fake good.” Furthermore, one 
might suspect that the impact of language 
per se on cognition and expression ought 
‘somehow to be greater and more funda- 
mental than the impact of one or another 
language feature. Thus the impact of 
language determinism upon cognition ought 
to be more pervasive and more difficult to 
counteract than that of language relativity. 

None of the foregoing should be inter- 
preted as implying that linguistic relativity, 
wherever it exists, is an unimportant 
factor in human experience or one that 
deserves no particular attention except from 
those who are professionally committed to 
unravelling the unimportant in painful 
detail. Quite the contrary; just because it is 
such a seemingly innocuous factor it is very 
likely to go unnoticed and, therefore, re- 
quires our particular attention in order that 
we may appropriately provide for it. 


SUMMARY AND CONCLUSIONS 


The four levels of the Whorfian hypothesis 
that have been presented here are essentially 
subsumable under a double dichotomy. As 


Figure 1 reveals, we have essentially been| 


dealing with two factors—one pertaining to 


Data of 
(Cognitive) Behavior 


Language data Non-linguistic 


(‘‘eultural themes’’) data 
Level 1 Level 2 | 
Level 3 Level 4 | | 
= 


Fria. 1. Schematic Systematization of the Whorfian Hypothesis 
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characteristics of a given language or 
‘Janguages and the other pertaining to 
behavior of the speakers of the language or 
Janguages under consideration. The first 
factor has been dichotomized so as to 
distinguish between lexical or semantic 
structure on the one hand (both of these 
being considered as codeability features) and 
grammatical structure on the other. The 
second factor has been dichotomized so as 
to distinguish between verbal behavior per 
se (frequently interpreted in terms of 
cultural themes or Weltanschauungen) and 
individual behavioral data which is other 
than verbal in nature. 

In a rough way, we might say that Levels 
1 and 3 are concerned with large group 
phenomena whereas Levels 2 and 4 are 
concerned with individual behavior. Whorf 
was aware of and interested in both kinds 
of data, for he held that ‘‘our linguistically 
determined thought world not only collabo- 
rates with our cultural idols and ideals but 
engages even our unconscious personal 
reactions in its patterns and gives them 
certain typical character(istic)s” (1941, my 
italics). 

In general, Whorf is not deeply concerned 
with “which was first, the language patterns 
or the cultural norms?” He is content to 
conclude that ‘‘in the main they have grown 
up together, constantly influencing each 
other” (1941).5 Nevertheless, he does state 
that if these two streams are to be separated 
from each other for the purposes of analysis 
he considers language to be by far the more 
impervious, systematic, and rigid of the 
two. Thus, after a long association between 
culture and language, innovations in the 
former will have but minor impact on the 
latter, “whereas to inventors and innovators 
it (i.e., language) legislates with the decree 
immediate” (1941). Although Whorf is leary 
of the term correlation it seems most likely 
that he considered language structure not 
only as interactingly reflective of “cultural 


5 Sapir also takes this view in his article on 
language and environment (1912), in which he 
concludes that grammatical features once did 
correspond to environmental circumstances but 
have subsequently developed at a pace and in 
directions unrelated to environmental changes. 


thought” but as directly formative of “in- 
dividual thought.’”’ With proper cautions, 
the four levels of the Whorfian hypothesis 
that have been differentiated in this review 
may be seen as quite consistent with this 
conclusion. 

Some of the characteristics, difficulties, 
and potentials of further empirical and 
theoretical study at each of the four differ- 
entiated levels have been considered. All 
levels can make use of both interlinguistic 
or intralinguistic designs, although Levels 
1 and 3 most commonly employ the former— 
if only for purposes of contrast. 

Although evidence favoring the Whorfian 
hypothesis exists at each level, it seems 
likely’ that linguistic relativity, though 
affecting some of our cognitive behavior, is 
nevertheless only a moderately powerful 
factor and a counteractable one at that. 
Certainly much experimental evidence has 
accumulated that points to a large demain 
of contra-Whorfian universality in con- 
nection with the relationships between 
certain structures of particular languages 
and certain cognitive behaviors of their 
speakers (see Osgood, 1960, e.g.). The time 
might, therefore, now be ripe for putting 
aside attempts at grossly “proving” or 
“disproving” the Whorfian hypothesis and, 


instead, focusing on attempts ‘to delimit © 


more sharply the types of language struc- 
tures and the types of non-linguistic be- 
haviors that do or do not show the Whorfian 
effect as well as the degree and the modi- 
fiability of this involvement when it does 
obtain. 

Because of Whorf’s central role in making 
us aware of this phenomenon so that we may 
now better come to grips with it, both 
intellectually and practically, none can 
deny that he richly deserves to be charac- 
terized by his own standard for what con- 
stitutes a real scientist. 


‘‘All real scientists have their eyes primarily 
on background phenomena in our daily lives; 
and yet their studies have a way of bringing out 
a close relation between these unsuspected realms 

. and... foreground activities.’’ (1940) 
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M. C. Yovits and S. Cameron (Eds.). 
Self-organizing systems. New York: 
Pergamon Press, 1960. Pp. 322. 


HE past five years have seen a major 
fia to put into operation many of the 
ideas, possibilities, and hopes of cybernetics. 
People in a number of traditionally un- 
related disciplines—chiefly logic, mathe- 
matics, electrical engineering, linguistics, 
neurophysiology, psychiatry, and _ psy- 
chology—have separately and, occasionally, 
in uneasy coalition, made a surprising 
number of attacks against a group of super- 
ficially unrelated but almost certainly 
intimately interconnected and overlapping 
problems. The thing in common seems to be 
simply the getting of information-processing 
machines. to make better use of information. 
The machines in question are con- 
glomerations or nets of switches, in the 
concrete guise of general purpose digital 
computers, analog computers, or special 
purpose logical circuitry. But more often 
than not the designer of the machine feels 
he is really designing a network of neurons, 
or a hierarchical control system, or a theory 
of automata, or a psychology of discovery. 
The practical problems that have been 
attacked are storage and retrieval of in- 
formation, as in a library, inventory control 
system or documentation center, trans- 
lation of natural languages, recognition of 
patterns (printing, spoken words, photo- 
graphs), transformation of information (as 
from mathematical to computer-pro- 
gramming notation, or analog to digital), 
and even mechanization of mathematics. 
Around these have cropped up what must 
certainly be among the most fascinating 


problems in the disciplines involved. For 
very quickly language translation becomes 
a problem of “meaning,” pattern recognition 
of “perception” and ‘concept-formation,” 
information retrieval of ‘“‘description” and 
“remembering.” Machines that can learn, 
organize themselves, take advice, imitate, 
discover, make decisions, make guesses are 
commonly suggested as the methods to 
speed up progress toward solving these 
practical problems. 

The titles of recently published sym- 
posium papers of three groups summarize 
this core of interest. ‘‘Mechanisation of 
Thought Processes” (MTP) probably most 
adequately covers the range of problems 
and interests involved, with an active 
interplay between workers of different sorts 
(chiefly psychologist and neurophysiologist 
as opposed to engineer and applied mathe- 
matician) who have not as yet, but appear 
to want to have, gotten together. ‘Self- 
Organizing Systems’ (SOS) reports a 
similar meeting. People of much more 
firmly established reputations in their own 
fields than their generally much younger 
British counterparts, the behavioral scien- 
tists at the Chicago conference (SOS) seem 


less interested in the relevance of their 


material to the problems at hand. So, al- 
though several of these papers are quite 
good as introductions to ‘‘what you might 
find worth knowing about my field,” pos- 
sibly only Milner’s came from someone for 
whom the problems of the symposium were 
personally alive. In contrast, the British 
meeting heard and actively discussed 
papers by Whitfield, H. B. Barlow, Suther- 
land, and others that read as though the 
author, albeit from a very different starting 
point, is moving toward the same goal. The 
“International Conference on Information 
Processing” (ICIP) concentrated much more 
heavily on computer technology and _ pro- 
gramming problems though a number of pa- 
pers (many of which were abstracted in Be 


havioral Science, 1959, 4, 342-351) presented? 


computer work on artificial intelligence. 
» Minsky and MacKay (MTP) present 
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provocative discussions that are in the way 
of notes toward a theory of “heuristic” 
methods—really a psychology of discovery 
and creative intelligence. Many other papers 
(for example, by Uttley, Rosenblatt, An- 
drew, Selfridge, and Taylor in MTP; by 
Farley, Rosenblatt, and Newell, Shaw, and 
Simon in SOS; and by Gelernter, Stevens, 
and Kilburn, Grimsdale, and Sumner in 
ICIP) report the results of computer pro- 
grams for pattern recognition, learning, and 
problem-solving that embody certain ‘“heur- 
istic’ or “‘self-organizing”’ features. But it 
seems extremely difficult to judge the 
results. Their promise, and the under- 
standing they give us about heuristics, seem 
encouraging. But it appears that most if 
not all of the practical accomplishments can 
be done at least as well, and often with 
great simplifications, by more straight- 
forward methods. 

Language translation, pattern recognition, 
and automatic programming all seem to be 
specific instances of the general problem of 
forming common classes (with respect to 
certain properties which themselves must 
often be discovered) and mapping these 
classes from one domain to another. Here 
again much work has been done at a very 
practical, problem-oriented level and many 
programs with a certain amount of power 
to act upon a specific well-examined domain 
(such as a simplified ‘‘basic English” type 
language or a predetermined set of patterns) 
have given promising, even intriguing, 
results. But it is difficult to compare these 
results or to evaluate the eventual power of 
these approaches without a general con- 
ceptual framework. And appropriate theories 
of language might throw searching light on 
all these problems. A good bit of mathe- 
matical machinery might be brought to 
bear on these problems, once they are posed, 
at a suitably abstract level. And certainly 
their common source—the human beings who 
create the symbols and sets (languages) and 
notice the patterns (percepts) that the 
machines must cope with—should be 
examined by the behavioral scientist for the 
basic operators that they may use. 

+ Although the computer realizations of 
attempts to do colorful and amazing things 
seem the most attractive and intriguing 
aspect of this enterprise, the development 
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of basic theories of automata (including 
logical systems, languages, and neural nets) 
and of discovery (including self-organi- 
zation), possibly best represented in these 
symposia by the work of Burks (SOS), 
McCulloch (MTP, SOS), MacKay and 
Minsky (MTP), may well turn out, in the 


long run, to be the most important con- 


tributions. 


LEONARD UHR 
Mental Health Research Institute 
The University of Michigan 


George A. Miller, Eugene Galanter, and 
Karl H. Pribram, Plans and the 
structure of behavior. New York: 
Henry Holt, 1960 


HIs stimulating, wide-ranging book deals 

with the relation between a creature’s 
images of the world and its plans for action. 
The authors’ task is “‘to explore the relation 
between the ‘image’ and the ‘plan’.” A 
plan is ‘“‘any hierarchical process in the 
organism that can control the order in which 
a sequence of operations is to be performed.” 
Plans are found in all living systems, even 
if they be instinctual and their components 
are subject to little rearrangement (Ch. 5). 
However, the chief instrument of plans is 
language, and the authors analyze as human 
plans: intentions (Ch. 4), motor skills (Ch. 
6), personality traits (Ch. 9), remembering 
(Ch. 10), speaking (Ch. 11), problem solving 
(Ch. 12), and the possible planning centers 
of the brain (Ch. 14). 

The building blocks of plans (Ch. 2) are 
feed-back loops, well known in cybernetic 
theory, each of which contains a “‘test’’ to 
which the organism accommodates an 
input. If the acconimodatian is insufficient, 
it “operates” on the input, retests, and 
continues this process until it is enabled to 
“exit” from this cycle_and /transfer active 
control to another such test-operate-test- 
exit loop. These ““TOTEs” may contain one 
another as components which permits a 
TOTE hierarchy to be constructed. This is 
a plan. A TOTE is clearly derived from 
work with computers which are being used 
to simulate goal seeking behaviors. The 
authors show, further, that it is also a 
generalization of the notion of reflex are as 
well. But the reflex and its components, 
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stimulus and response, they reject as an 
inadequate unit for plans. In situations 
more complex‘than bar pressing, it is not at 
all clear whether stimulus and response can 
be specified. If they are taken to be any 
physical event impinging on the organism 
and any behavior, then most behavior is not 
lawful. If they are restricted only to cor- 
related events, most of the organism’s 
activity will not be considered behavior. 

The only flow in a reflex is energies and 
thus the only tests are thresholds. But a 
TOTE may be the carrier of energies, 
information, or control, and the tests associ- 
ated with these are much more numerous 
and resemble the tests organisms actually 
apply. 

The authors are at pains to show in 
different contexts why a model of the 
organism containing only its past states 
without a representation of its plans for the 
future is inadequate. Motivational phe- 
nomena like resumption and recall of 
interrupted tasks studied by Lewin and his 
students require that “interruption” be 
given a meaning. This is only possible by 
specifying portions of a task not yet per- 
formed but planned. An intention is, in 
fact, ‘the uncompleted parts of a plan 
whose execution is already begun.”’ They 
propose that since pians have structural 
characteristics (Ch 9: source, span, detail, 
flexibility, speed, coordination, retrieval, 
openness, stop orders), they can be specified 
more clearly than intentions. If these 
characteristics can all be derived as sibling 
TOTE structures, a way will be opened to 
translate the concepts of motivaton into 
structures which can be simulated. 

Speaking, too, requires a plan to generate 
sentences. Any solely historical model of 
grammar will not do. Consider, for example, 
a model which regards the speaker as a 
finite state Markov process, emitting a 
symbo! with each state-to-state transition. 
The authors follow the linguist Noam 


Chomsky in showing first, that it would 
take an enormous childhood to be exposed 
to enough sentences of reasonable length 
to learn the transition probabilities from 
state to state, and second that our language 
contains many hierarchical embedding de- 
vices which are productive, and yield, e.g.: 
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“The man who said it wouldn’t rain jg 
coming today.” In this example some plan 
must guide the composition of the clause 
within the total sentence. Motor skills, too, 
require plans, since “‘if skills were nothing 
but chains of reflexes, a detailed account 
of the correct sequence should be an efficient 
way to teach them.”’ But just the opposite 
is true, for “the ability to develop tactics 
for one’s self is a test of the adequacy of a 
strategy.” 

Probably the most dramatic application 
of the plan to behavior is the discussion of 
hypnosis ... “relinquishing the plan” (Ch, 
8). Hypnosis is a state where the person 
has suspended his own plans and follows 
the plans of another. A group of symptoms, 
including slow reluctant speech, often 
accompany hypnosis, indicating that internal 
speech is very important to forming plans, 
just as it is when people speak aloud in 
solving problems. Further, there seems to 
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be a suspension of certain customary stop- 
rules, as shown in the subject’s increased 
tolerance for pain. And finally, plans can be 
learned in hypnosis which require execution 
later. 

There is a concluding discussion of the 
brain as a center of imaging and planning, 
The innerbrain, the frontal and_ limbi 
systems, controls the serial organization ¢ 
behavior, and regulates central nervou 
activity. This is a planning center. The 
outesbrain, the sensory projection and 
assodiation areas, controls the discrimi 
native choice of signals from the outer world, 

There are interesting suggestions it 
almost every chapter by these ‘‘subjectiv 
behaviorists”’ as the authors call themselves 
The book touches on many topics but dig 
into few. There is much mention of TOTEs 
but there is no case of a worked out TOTE 
plan for any of the many phenomen 
mentioned. Again, their recasting of the 
will as a plan seems very attractive, but 
they give no clear predictions which depa 
from Lewin’s. There are a few cursory 
remarks about social planning. The book 
a whole is an illuminating “image,” whie 
deserves a ‘‘plan’”’ to go with it. 

WiLuiAM Pau. Livant 
Mental Health Research Institu 
The University of Michigan 
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COMPUTERS IN BEHAVIORAL SCIENCE 


The Digital Simulation of Neuro-Muscular 
Organisms, Richard F. Reiss,) Labo- 
ratory for Automata Research, Libra- 
scope Division, General Precision, Inc. 


INTRODUCTION 


In recent years there have been several 
digital simulation studies of neural-like net- 
work models (Crichton & Holland, 1959; 
Farley & Clark, 1954, 1955; Frankel, 1955; 
Rochester, Holland, Haibt, & Duda, 1956). 
The authors of these studies are, for the 
most part, mathematicians and engineers. 
Their natural inclinations and background 
make them singularly receptive to the 
notion that a nervous system, at least at 
the higher levels, is essentially a logic 
machine resembling in many ways the 
digital computers of today. This notion was 
made fashionable by such theorists as 
McCulloch (1943, 1949a, 1949b, 1951, 1957), 
Culbertson (1950, 1956), Rashevsky (1948), 
Kleene (1956), Wiener (1948), and the late 
John von Neumann (1951, 1956). It should 
be noted, however, that in his last book 
(1958) von Neumann did a rather thorough 
job of discrediting the computer analogy. 

The behavioral scientist who takes the 
trouble to examine these theories and simu- 
lation studies might justifiably become 
annoyed by the glib assumptions and ideal- 
izations he finds. After comparing, for 
example, the McCulloch neuron model with 
the brief survey of physiological evidence 
recently published by Bullock (1959), one 
might reasonably ask whether these gentle- 
men are talking about the same physical 
processes. But the digital simulation studies 
to date deserve attention, however unrealis- 


i tic may be the models upon which they are 


based. They represent pioneer efforts to 
develope digital simulation as a powerful 


1 This is a somewhat revised and enlarged ver- | 


sion of an invited paper presented at the 16th 
National Conference of the Operations Research 
Society of America at Pasadena on November 11, 
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theoretical tool for the study of complex, 
organized ensembles of active elements. Such 
ensembles and systems, especially when 
they contain hierarchies of non-linear ele- 
ments and discontinuous processes, cannot 
be effectively represented by tidy, conven- 
tional, mathematical models (see Weaver, 

1948). The behavioral scientist who ap- 

proaches the subject of neural simulation 

for the first time is advised to read the 

excellent little IRE symposium of 1956; I 

would direct the reader’s attention particu- 

larly to the statements of Otto H. Schmitt. 
As a point of departure for the present 

paper, several possible criticisms of previous 

simulation studies are listed below: 
1. The disparity between neural models 
and physiological evidence is too 
great; the living nervous system does 
not resemble a synchronous, logical 
computer. Furthermore, the authors 
do not seem concerned by the effects of 
this disparity on the validity of any 
results obtained. 

. The model networks are too isolated; 
they do not interact with a model 
environment. Both physiological and 
psychological evidence suggests that 
such interaction plays a crucial role at 
all levels of behavior in living organ- 
isms. 

3. The subject of these studies is the 
central nervous system. While one 
cannot condemn direct attacks on the 
most difficult problem first, the history 
of science would seem to indicate that 
successful solutions of very difficult 
problems are preceded by a great deal 
of hard work on simpler sub-problems 
together with a methodical sharpening 
of theoretical tools. Is it likely that a 
sound theory of the central nervous 
system can ever be achieved without 
first developing a precise theory of the 
lower and simpler peripheral mecha- 
nisms? And simulation models of even 
these simpler biological systems must 
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be dangerously idealized in order to 
meet the economic and_ technical 
limitations of present-day computers. 

4. It appears that there has been little 

active participation on the part of 
biologists in the formulation or use of 
simulation models. While it is true 
that as yet few biologists are suffi- 
ciently acquainted with digital com- 
puters to materially influence the 
creation. of simulation models (except 
to veto idealizations), every effort 
should be made to elicit their coopera- 
tion in the formulation and execution 
of simulation experiments. 

We believe that these are valid criticisms, 
at least for those who are interested in real 
nervous systems, and have taken them into 
account in planning the simulation model 
described in this paper. It will become all 
too apparent, however, that we have been 
able to only partially avoid these criticisms. 
We view this program as being a step, but 
only a step, toward powerful simulation 
programs for the study of real biological 
systems. 

The body of this paper is divided into 
two sections. The first section contains a 
description of a particular simulation model 
and some comments on the general prob- 
lems connected with simulation studies. 
This section. does not require, on the part of 
the reader, any detailed knowledge of com- 
puter programming. 

The second section describes certain 
technical features of the simulation program 
designed for the above mentioned model. To 
the author’s knowledge, these features have 
not been incorporated in any previous simu- 
lation programs, and since they provide 
important advantages in economy and 
flexibility they may be of general interest to 
others engaged in simulation studies. 


A SIMULATION MODEL AND RELATED 
PROBLEMS 


In selecting a neural model, the major 
premise was that neurons are fundamentally 
analog devices, i.e., they measure rather 
than count. The fundamental scale by which 
the neuron measures its environment is fre- 
quency of firing, which can vary continu- 
ously over some range determined by the 
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physical state of the neuron. Thus we might 
consider a nervous system to be a “pulsed, 
analog’? machine. 

A second major premise was that presen 
factual knowledge and theoretical tools are 
quite inadequate for understanding _ the 
vertebrate central nervous system. Conse, 
quently we decided that the soundest cours¢ 
of action is to begin by studying the simplest 
types of neuro-muscular mechanisms, sueb 
as are found in the invertebrates and the 
peripheral reflexes of the vertebrates, with 
the ultimate objective of developing 
quantitative theory of structure-function 
relationships. If success attends _ thes¢ 
efforts, and as techniques of simulation are 
improved, it may be possible to slowly climb 
up the evolutionary scale, advancing beyond 
any given level only when mechanisms ai 
that level are well understood. We serious} 
doubt that there are any royal roads t 
understanding the central nervous system 
Living organisms, even at the level of th 
amoeba, are incredibly complex, far mor 


so than the systems analyzed by physicists} 


This conservative, evolutionary approa¢ 
therefore seems to us the most sensible. 
A third premise was that the significand 
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of any element in a mechanism can be 
properly understooc only in its relation to 
the behavior of the total mechanism. Since 
the lower mechanisms are intimately related 
to the control of muscles for manipulating 
the environment or moving about, it is 
essential that we simulate the physical inter- 
action of the whole organism with the 
environment, not just isolated nerve-nets. 

Figure 1 is a general flow chart of a simu- 
lation program. It shows the sequence of 
processes involved in simulating an ‘“organ- 
ism.” These processes are divided into two 
groups and are carried out by two distinct 
programs: the Network Simulator and the 
Interaction Simulator. 

The Network Simulator is a general pur- 
pose program that can simulate any network 
(within certain limits) composed of the 
“elements”? described below. To set up a 
particular network one simply feeds in .a 
list of desired elements and connections. 
This program has been coded for the IBM 
709 computer and is the main subject of the 
second section of this paper. 

Unfortunately we have been unable to 
create a flexible, general purpose model of 
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physical interactions between organisms and 
environments. For example, we know of no 
general, practical, mathematical model for 
simulating the behavior of a system of rigid 
linkages (such as occur in skeletons). The 
only feasible technique at present is to work 
out a particular model for a particular 
organism. Consequently it will usually be 
necessary to program a special Interaction 
Simulator for each organism to be studied. 
However, most physical interactions can be 
represented by rather conventional mathe- 
matical functions, and the easily learned, 
powerful FORTRAN programming _lan- 
guage is designed for just such functions. The 
Interaction Simulator can therefore be pro- 
grammed in FORTRAN. A biologist, for 
example, can get a fair grasp of FORTRAN 
programming in two or three days. With a 
modicum of aid from a professional pro- 
grammer, he could write an Interaction 
Simulator to suit his taste. We intend to 
provide such aid to any academic user in 
the Los Angeles area. 

Boxes D, E, and F in Figure 1 represent 
the three main processes generally required 
in an Interaction Simulator. On the assump- 
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tion that this program will always be pro- 
grammed in FORTRAN language, the 
Network Simulator has been designed so 
that it can be easily linked with any FOR- 
TRAN program. 

Figure 2 shows the four types of “ele- 
ments” that can presently be simulated by 
the Network Simulator. The graphical 
representations used here are based partly 
on the diagrams of Culbertson (1950) and 
partly on conventional electronic schematics. 
The names of these elements will be capital- 
ized in order to distinguish them from the 
corresponding physiological elements they 
represent. 

The ‘‘Receptor”’ is treated as an element 
that converts some physical state of the 
environment into a corresponding frequency 
of firing, i.e., it is a transducer. A symbol in 
the triangle designates the sense mode of the 
pariicular Receptor, e.g., tension, length, 
temperature, etc. Two kinds of output 
terminals are possible, excitatory and 
inhibitory, and to have any effect on the 
organism, they must lie on the ‘“‘synapses”’ 
of other elements. An interpolation table is 
used to determine the firing frequency as a 
continuous function of physical state. At 
the present time these tables each provide 
ten points. Linear interpolation is used 
between points. 

The ‘Inter-neuron” has a single “syn- 
apse’ and one or more excitatory and 
inhibitory output terminals. The synapse 
model currently used is described in some 
detail below. 

The third type of neuron is the “Efferent.’”’ 
Its output is a transducer that converts 
frequency of firing into contraction of the 
muscle to which it is connected. The amount 
of contraction is a continuous function of 
frequency and is computed from a tenpoint 
interpolation table. If more than one Efferent 
is connected to a single muscle, then all of 
those Efferents must be assigned the same 
interpolation table and the mean frequency 
is used to compute contraction. 

The fourth type of element is the ‘‘Mus- 
cle.”’ At the present time, the muscle model 
consists of a contractile element in series 
with a passive spring. The length of the con- 
tractile element is entirely determined by 
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the Efferents connected to it. The length of 
the spring, and therefore the force exerted 
by the muscle, is determined by the length 
of the contractile element and the various 
static and dynamic forces of the skeleton or 
environment to which the muscle is at- 
tached. 

A most important;feature of the Network 
Simulator is its ability to simulate com- 
pletely asynchronous firing in the network 
elements. The firing frequency of each 
Receptor is independently determined by 
the state of the environment; no two Recep- 
tors need have the same frequency. And 
since the frequency of a Receptor is effee- 
tively a continuous variable, the phase rela- 
tions of Receptor pulses arriving at the 
synapse of an Inter-neuron or Efferent can 
vary continuously from zero up to several 
seconds. This asynchrony, further increased 
by independent parameters of Inter-neurons, 
will propagate throughout the network. 
Thus the main behavioral variable of an 
element is its mean firing frequency over 
some period of time, and it is a continuous 
variable. This is in line with our assumption 
that real neurons are essentially analog 
measuring devices rather than digital, 
logical bistable flip-flops. 

The present Network Simulator permits a 
maximum of 50 Receptors, 250  Inter- 
neurons plus Efferents, and 20 Muscles. 
There is no fixed limit to the number of 
output terminals a particular Receptor or 
Inter-neuron may possess. However, the 
total number of output terminals in a net- 
work should not far exceed 1000. This is 
only a rule of thumb; the actual limit on the 
number of terminals depends on the maxi- 
mum possible activity of a given network 
and the length of the simulation interval. 
There is no limit whatsoever on the number 
of terminals that may contact the “syn- 
apse”’ of a particular element. So long as 
these restrictions are met, the Network 
Simulator can simulate any combination of 
the four types of elements connected to- 
gether in any way. In fact two or more 
separate networks can be simultaneously 
simulated with ease if the total numbers of 
elements and terminals are less than the 
limits posted above. The type of organism 
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for which this program is intended will 
generally require less than 100 elements. 

Time limitations are far more important 
than size limitations. The “‘simulation rate” 
is defined as the ratio of the “lifetime” of 
the organism to the machine time required 
to simulate that lifetime. If the simulation 
rate is 1/10, then on the average 10 minutes 
of machine time will be required to simulate 
1 minute in the lifg of the organism. The 
cost of a Proclicwett: Satesion in time and 
money depends on the simulation rate; the 
higher the rate, the lower the cost. If the 
simulation rate is 1, the simulation is said 
to be in “real time.’ But this is difficult to 
attain with systems of any complexity. 

The simulation rate of the present Net- 
work Simulator is a function of the number 
of output terminals in the network plus the 
“activity” of the net, i.e., the number of 
pulses propagating along axons at the 
moment. The number of elements is irrele- 
vant. Since the activity of a network will in 
general be fluctuating, perhaps over a wide 
range, with the passage of time, the simula- 
tion rate will likewise vary; the greater the 
activity, the lower the simulation rate. On 
the basis of debugging experiments, it 
appears that the present program cannot 
achieve real time ;imulation with networks 
composed of more than a dozen _ single- 
terminal elements firing at frequencies in 
the neighborhood of 100 pulses per second. 

The over-all simulation rate will always 
be less than that of the Network Simulator 
because the mechanical interaction of the 
organism with the environment must also be 
computed at regular intervals. This interval 
will be called the “simulation interval’ and 
is defined in terms of seconds in the life of 
the organism. If for example, the simulation 
interval is 5, then every 5 seconds in the life 
of the organism time stops and the effect of 
Muscles on environment and environment 
on Receptors is computed. Boxes C, D, FE, 
F, and A in the flow chart of Figure 1 repre- 
sent the component programs that compute 
the interaction. In addition to muscular 
changes arising from Efferent activity over 
the previous simulation interval, the Inter- 
action Simulator must take into account 
inertial forces extrapolated from previous 
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interactions. Since real organisms interact 
continuously with their environment, it 
would be desirable to simulate this inter- 
action at very short intervals. Unfortunately, 
this desire is in direct conflict with the 
economic goal of maintaining a high simula- 
tion rate. Time stands still for the organism 
while environment interaction is being com- 
puted, thereby reducing the over-all simula- 
tion rate. 

Suppose we let 7’, represent the average 
machine time required to simulate one 
second of network activity (carried out by 
box B in Figure 1). This remains constant 
no matter how often the environment is 
sampled. Let 7. be the machine time re- 
quired to compute the organism-environ- 
ment interaction at any particular instant, 
and At be the simulation interval, i.e., the 
time (in the organism’s life) between com- 
putations of environmental interaction. 
The simulation rate R is represented by the 
function 


ieee 
T, tt 4-7, . 


If we take, for example, a modest organism 
where 7, = 2 sec. and 7, = 1 sec., we find 
that a simulation interval of 1 sec. gives a 
rate of 1/3, an interval of 0.1 sec. cuts the 
rate to 1/12, and an interval of 0.01 sec., 


R 


- which would provide a very close approxima- 


tion to continuous interaction for most 
organisms, drops the simulation rate to less 
than 1/100, i.e., more than an hour and a 
half would be required to simulate one min- 
ute in the life of the organism. 

Thus the experimenter must choose a 
compromise between simulation rate and 
simulation validity. Of course this compro- 
mise plays a major role throughout the 
process of creating a model and designing 
the corresponding simulation program. 
Idealized and simplified models improve the 
simulation rate at the expense of empirical 
validity. But then the trade of precision for 
economy is an important facet of theory 
construction (i.e., the creation of models) in 
any field of science, although the economy 
is that of human thought and effort rather 
than machine time. 











5 
; 
§ 


348 COMPUTERS IN BEHAVIORAL SCIENCE 


Although a synapse is technically a vol- 
ume, however small, of extracellular material 
lying between the axon terminal of one (pre- 
synaptic) neuron and the soma or dendrite 
of another (postsynaptic) neuron, the Net- 
work Simulator treats the “synapse” as if it 
were a special part of the postsynaptic 
element. By attaching all synaptic param- 
eters to the postsynaptic element, data 
processing by the machine is reduced with- 
out weakening the synaptic model. 

Each Inter-neuron and Efferent possesses 
exactly one “synapse.” No matter how 
many output terminals may be in contact 
with a given synapse, perfect spatial summa- 
tion of incoming pulses is assumed. A 
“pulse” is treated as a quantity of energy 
unidirectionally transferred from an output 
terminal to the synapse on which that 
terminal lies. Each terminal in the network 
is uniquely assigned its own “‘pulse energy.” 
If that energy has a negative sign, then the 
terminal is ‘“inhibitory.”” The pulse energy, 
like all other parameters of the elements, is 
represented by a 35-bit number and can 
therefore be varied over a wide range of 
values. 

The synaptic delay is not treated as a 
separate parameter, but is lumped together 
with the time required for conduction of a 
signal from synapse to output terminal. 
This is called the ‘transit time.’’ Each 
Inter-neuron is assigned its own transit 
time, and this applies to all of the output 
terminals of that element. Since Receptors 
do not have a synapse and Efferents have no 
output terminals, these elements are not 
assigned transit times (see Iigure 2). 


PARAMETERS OF ELEMENTS 


Threshold 
Leakage Period 
R Refactory Period 


Synapses: C7] 


S 


Interneuron: ro. Transit Time 

Terminals: E Energy Emitted per Pulse 

Muscles: Y Stretch Coefficient of Spring Element 
Transducers: 


a 
Interpolation Tables for Converting Frequency to Length (Used by 


Muscles) 


FIGURE 3 


Interpolation Tables for Converting Physical States to Frequeney 
(Used by Receptors) 


The behavior of a synapse is determined 
by three parameters (see Figure 3) and the 
influx of energy from terminals contacting 
that synapse. The fundamental assumption 


is that the synapse is a place where energy ig 


stored. The form of this energy is not defined 
and the units are therefore arbitrary. It is 
likely that a combination of chemical, 
thermal, mechanical, and electrical energy 
is involved in actual synaptic processes. 

If the energy at a synapse is raised above 
the threshold 6 by an incoming pulse from a 
terminal, then the synapse “fires,” i.e., 
initiates an all-or-none signal that is propa- 
gated to all the terminals of that element, 
In the act of firing, the synapse loses all 
stored energy and passes into an absolute 
refractory state for a period R, during which 
all incoming pulses from terminals are lost, 
At the end of the refractory period the syn- 
apse begins again to store energy emitted 
by terminals. The energy emitted by ‘“‘n- 
hibitory” terminals has a negative sign and 
is added algebraically to the synapse energy 
already present. Thus the synapse energy 
can be driven below zero. 

The use of an absolute refractory period 
is an oversimplification ; it represents merely 
the frequency limitations of axon firing 
rather than a property of the synapse. 

The third synaptic parameter is the leak- 
age period L. This is the period required for 
all energy stored at the synapse, whether 
positive or negative, to “leak” away as a 
linear function of time. If a terminal emits 4 
pulse of energy before the end of the leakage 
period, then that pulse is added to whatever 
energy remains and the leakage process 
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begins anew. Since L is a fixed interval of 
time, the leakage rate is directly proportional 
to the amount of energy initially present. 
We feel that this simple algorithm is a 
sufficiently good approximation to exponen- 
tial decay for present purposes. 

This leakage process permits the temporal 
summation of subthreshold pulses. Consider 
the case of a single excitatory terminal con- 
tacting a synapse. Suppose the pulse energy 
E of the terminal is less than the synapse 
threshold @. If the terminal emits pulses at 
a fairly constant frequency f, then the syn- 
apse will never “fire” unless f > 1/L. Thus 
we have, in this case a “frequency thresh- 
old.” If this threshold is exceeded by f, the 
firing frequency of the synapse is a rather 
complex function of f, 0, #, L, and R. 
Recalling that the elements of a network 
are generally firing asynchronously due to 
the cumulative effects of different transit 
times, independently varying Receptor 
frequencies, etc., it is readily apparent that 
the firing frequency of a synapse contacted 
by two or more terminals is not easily pre- 
dicted. A separate simulation study of this 
synapse model is being carried out in our 
laboratory with the aim of finding a set of 
numerical functions describing its general 
behavior. Although it is simple, this model 
exhibits a surprising variety of firing func- 
tions for various ranges of the parameters. 

Since the neurophysiologist usually meas- 
ures voltages rather than energy, it is per- 
haps worthwhile to state the assumed 
correlation between those voltages and the 
parameters of our model. When the energy 
stored at the synapse is zero, the neuron 
membrane is at “resting potential.” A 
positive synapse energy corresponds to 
“depolarization” and a negative energy to 
“hyperpolarization.” The interrelations be- 
tween terminal energies and 6, L, R repre- 
sent, in effect, a ‘generator potential.” 

When we gain a better understanding of 
the present synapse model we intend to 
introduce, one by one, such refinements as 
multiple dendrites with decremental con- 
duction, sinusoidal and sawtooth generators 
within the element, geometrical parameters 
for spatial summation, etc. Some of these 
refinements will require only minor modifi- 
cations of the present program. The McCul- 
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loch type of logical, synchronous network 
can be simulated simply by assigning appro- 
priate element parameters and Receptor 
interpolation tables, i.e., no modification is 
required. 

To set up a particular network, the experi- 
menter punches on standard IBM cards a 
list of the elements he desires, the parameter 
values, and the terminal connections. A 
special input program of the Network 
Simulator (not shown in Figure 1) reads 
this Description Deck and generates in the 
computer’s memory a digital model of that 
network. If the experimenter sets a switch 
on the machine’s console, the Network 
Simulator will automatically dump on 
magnetic tape, at the end of éach simulation 
interval, a complete record of element 
parameters and variables (such as mean 
firing frequency of each neuron, lengths of 
contractile elements, etc.). The contents of 
the magnetic tape are printed out later, i.e., 
“off-line,” on the high speed printer (500 
lines per minute). Any additional inputs or 
outputs desired must be programmed in 
FORTRAN language as part of the Inter- 
action Simulator. 

We had hoped to use the Cathode Ray 
Tube display for presentation of selected 
variables during simulation. Unfortunately, 
the CRT display proved so unreliable it was 
dropped from the program. 

In general, the over-all program (Network 
Simulator + Interaction Simulator) is 
designed so that it will run indefinitely. By 
means of the “on-line” printer the experi- 
menter observes the behavior of the organ- 
ism as it occurs, adjusting network and 
environment parameters via console sense 
and register switches. In this way the experi- 
menter can get the “feel” of an organism 
much as a zoologist becomes generally 
acquainted with an ‘animal by poking and 
prodding it in the laboratory. 

The present Network Simulator has no 
built-in facilities for automatically changing 
parameters as a function of time or behavior 
in order to simulate “learning” processes. 
However, all parameters except output- 
terminal energies are organized into tables 
directly accessible to any FORTRAN 
program. If one wishes, for instance, to 
introduce facilitation (decrease in @) as a 
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SIMPLEST ORGANISM USING ALL TYPES OF ELEMENTS 
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appropriate program is written in FOR- 
TRAN language and put in series with the 
Interaction Simulator. Thus all thresholds 
in the network could be modified at the end 
of each simulation interval according to the 
behavior of the corresponding synapses 
during that interval. 

Figure 4 is a schematic diagram of the 
simplest possible organism that uses all 
four types of element. The environment is a 
weight supported by the Muscle MM. The 
nerve-net consists of Receptor r, sensitive 
to Muscle length, with a single excitatory 
terminal on the synapse of Inter-neuron 1, 
which in turn has a single excitatory termi- 
nal on the synapse of Efferent e. The mean 
firing frequency of e, over a simulation 
interval, determines the length of the con- 
tractile element in the Muscle at the end of 
the interval. The Interaction Simulator 
computes a new position and velocity of the 
weight on the basis of the new muscular 
force and previous positions and velocities. 
The Network Simulator computes the 
Receptor firing frequency for the next 
simulation interval and then proceeds to 
simulate the network over that interval. 
And so on indefinitely, i.e., until the experi- 
menter stops the machine. It is important 
that the Interaction Simulator take account 
of several previous simulation intervals, 





otherwise the mechanical movements will be 
jerky and unrealistic due to poor approxima- 
tions of changes in inertial forces. Of course 
the movements become smoother and more 
accurate as the simulation interval is de- 
creased. As a matter of fact, the contractile 
elements themselves have a certain amount 
of inertia because the Network Simulator 
(at present) uses the mean Efferent firing 
frequency of three previous intervals for 
computing a new contractile element length. 

The initial program debugging tests were 
carried out on organisms of the general type 
shown in Figure 4. 

Figure 5 illustrates a somewhat more 
complex organism that is able to respond to 
a moving light source L which constitutes 
the: environment. An “eye,’’ composed of 
three photo-Receptors fi, R2, and R3, is 
suspended between two antagonistic Mus- 
cles M, and Mz which are distally attached 
to a rigid framework. In addition to the 
photo-Receptors, the network has as input 
two tension Receptors, Ry and R;, and two 
length Receptors, Rs and Rs. The output of 
the network is the pair of Efferents /, and 
E, which control the contractile elements in 
the Muscles. The network contains eleven 
Inter-neurons, and there are several in- 
hibitory terminals. The first organisms to be 
seriously studied will be of this general type. 

Although this organism is elementary 
compared to those that could be simulated 
with the Network Simulator, we find that 
77 parameters and 4 transducer tables are 
required to specify the network alone. This 
brings us to what is perhaps the most critical 
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FIGURE 5 
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problem in the simulation of carefully 
organized systems, namely, the experimental 
control and observation of model behavior. 
We have already touched on the problems 
of machine-time economy and model valid- 
ity. These two problems can be satisfactorily 
resolved for a rather rich variety of organ- 
isms, but their resolution is pointless if 
simulation models are beyond the practical 
control of humans. The great advantage of a 
simulation model is that it permits perfect 
control and perfect observation. But can we 
make use of this advantage, i.e., is it a real 
advantage? 

In studying organism models of the sort 
envisioned in this paper, one is soon faced 
with thousands of parameters and variables. 
Conventional mathematical functions are 
not much help; if we could formulate a set 
of solvable system equations for the organ- 
ism, there would be no need for a simulation 
model. The computer would be used simply 
to solve these equations by finite approxi- 
mation techniques. Most scientific computa- 
tion to date has been of this nature. 

On the other hand, it appears that a chief 
characteristic of hierarchal networks of non- 
linear elements with multiple feedback loops 
is that almost any parameter, under certain 
conditions, may have a great influence on 
the total behavior of the organism. One is 
not dealing here with large numbers of 
homogeneously influential elements, such as 
molecules in a volume of gas, and it seems 
that statistical control and analysis will 
therefore be of limited use. 

Of course the behavioral scientist has 
been struggling with this problem for many, 
many years. However a major part of his 
effort has been directed toward the solution 
of the instrumental problems of empirical 
control and observation. When these instru- 
mental problems are removed, as they are in 
simulation studies, the theoretical aspects of 
control and analysis come dramatically to 
the forefront. 

It is not enough, then, to create economi- 
cally feasible, empirically valid simulation 
models; we must also find some rational 
approach to the use of such models. We ean 
do no more here than briefly describe an 
approach, one which calls for a minimum of 
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philosophy and a maximum of work. Two 
parallel lines of research are involved. 

First, a variety of organisms are to be 
studied, using simulation programs such as 
that described in this paper. For each 
particular organism, experiments will suc- 
cessively be aimed at four more or less dis- 
tinct goals: 

(1) Identification of influential param- 
eters for various constellations of 
parameter values. 

Relative weighting of influential param- 
eters for those constellations that 
yield satisfactory behavior of the 
whole organism. 

Mathematical generalizations, however 
fragmentary, of the relations between 
the most influential parameters and 
organism behavior. 

Classification of organisms, and sub- 
structures of organisms, on the basis 
of similar structure-function relation- 
ships. This goal is not achievable 
until goal (3) has been satisfied for 
several different organisms. 

If and when goal (4) is reached, we are 
still a long way from our ultimate objective: 
a comprehensive, quantitative theory of 
complex organisms (whatever that is). 

Of course, one can point out that the 
experimental goals listed above are present, 
at least implicitly, in au scientific research, 
and scarcely need listing. Agreed. But for 


(2) 


(3) 


(4) 


,Teasons that will become apparent in a 


moment, it is essential that we pay close 
and conscious attention to the methodology 
of the experiments, and that the successive 
objectives be ordered by increasing diffi- 
culty of the inductive generalizations in- 
volved. The human scientist typically 
thinks at many levels with many goals and 
shifts from one to another with great 
facility. He is therefore not generally con- 
scious of these continuous shifts of emphasis 
and level in his thought processes. But 
contemporary computers are not so facile 
or clever, and their capabilities must be 
improved in step-wise fashion with each 
new capability being first understood, 
clearly and explicitly, by a human program- 
mer. This brings us to the other line of 
research. 
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Second, a series of special programs, which 
I shall call ‘‘Auto-Empiricists,” are to. be 
developed as the simulation studies proceed. 
An Auto-Empiricist is a program that 
shares the computer with a simulation pro- 
gram and stands, as it were, between the 
simulation program and the human experi- 
menter. The role of an Auto-Empiricist 
might be likened to that of a laboratory 
technician or graduate student. It will work 
under the guidance of a scientist (human), 
preparing and executing experiments on the 
simulator, recording data, and organizing 
the data into preliminary tables, graphs, 
empirical functions, etc. The programmatic 
techniques required for these processes are 
already well known. But these processes 
simply provide the Auto-Empiricist with 
eyes and hands for playing with simulated 
organisms, and constitute just the first 
developmental step. 

Our central objective in this line of re- 
search is to gradually improve an Auto- 
Empiricist so that it requires less and less 
guidance for more and more complex simula- 
tion models. It must be able to plan and 
execute whole series of experiments accord- 
ing’ to a few general criteria. And it must 
provide the human experimenter with sig- 
nificant inductive generalizations, not reams 
of numbers. If such programs can be suc- 
cessfully constructed, then it can truly be 
said that machines have become (at least) 
junior partners of man in scientific research. 

Just how far and how fast the Auto- 
Empiricist project can be pushed only time 
will tell. Very little has been done on the 
mechanization of inductive inference and 
related thought processes (e.g. Solomonoff, 
1957). Hopefully, the work of Newell, Shaw, 
and Simon (1958, 1959) and others on the 
mechanization of heuristic and deductive 
thinking will prove to be relevant and useful. 
Unfortunately, ,the philosophers of science 
have talked a great deal about induction, 
but have said little of practical value. 

We are not concerned, however, with 
attempts to formulate a general theory of 
empirical induction from which one could 
deduce the necessary parts of an Auto- 
Empiricist. Rather, we are observing our 
own behavior in planning, executing, and 


analyzing the results of actual simulation 
experiments. Whenever we find ourselves 
repeatedly using a clearly definable pattern 
of action or analysis, we shall attempt to 
introduce that into the Auto-Empiricist, 
Thus the four successive experimental goals 
listed above are intended to provide a 
framework for self-observation as well as a 
practical guide for planning experiments, 
Needless to say, they are tentative and sub- 
ject to change without notice as we gain 
experience. The first Auto-Empiricist is 
currently being programmed. It will control 
Synapse ITI, the third in a series of programs 
we are using for detailed studies of various 
synapse models. We shall not attempt to 
construct an Auto-Empiricist for the pro- 
gram described in this paper until it has 
been used for some time. 

To summarize briefly, the Network 
Simulator represents an attempt to improve 
the validity of neural simulation studies by 
introducing a more realistic model. An 
evolutionary and holistic approach to the 
study of neuro-muscular systems has guided 
the design of this program. In simulating 
such complex, organized systems three main 
problems arise: economy of machine-time, 
effects of model idealizations on validity of 
molar behavior, and the control and analysis 
of many-parameter experiments. The first 
concerns primarily programmers, machine 
designers, and budget bureaus. The second 
problem suggests the necessity of close 
cooperation between interested biologists, 
psychologists, and those of us in the field of 
automata research. The third is a funda- 
mental problem in all behavioral sciences: 
no matter how large, fast, and cheap com- 


puters become, digital simulation will never 


be a really powerful theoretical tool for the 
behavioral sciences unless sophisticated 
‘“‘Auto-Empiricists” are simultaneously de- 
veloped. Thus there is a close relation 
between digital simulation and the mechan- 
ization of thought processes. 


THE NETWORK SIMULATOR PROGRAM 


In order to describe a program in any de 
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and ponderous prose. Thus we can do no 
more here than briefly touch on two features 
of the Network Simulator that may be of 
general interest. It is furthermore necessary 
to assume that the reader is familiar with 
programming terminology and ideas. Any- 
one engaged in simulation studies (of what- 
ever sort) who desires more detailed informa- 
tion on this program should feel free to 
contact the author. 

A member of our laboratory staff, Miss 
Alice Opolak, assumed the task of coding 
and debugging the Network Simulator. 
Most of it was coded in the SAP language, 
with FORTRAN being used in certain parts 
of the input/output processes and routines 
for linking the Interaction Simulators. 
Through the generous cooperation of the 
Western Data Processing Center, machine 
time for debugging was made available on 
their computer. A total of approximately 
two hours, scattered over many months, 
was required. 

The complete program deck of the Net- 
work Simulator, together with instruction 
manuals, will be placed on file at the WDPC 
as part of their library. The program oc- 
cupies about 1000 words in memory, and an 
additional 12,000 words are used for data 
storage. 

The Network Simulator features to be 
described involve the use of “associative 
lists,” a technique for storing and linking 
symbols that has been recently developed to 
a high degree by Newell, Shaw, and Simon 
(1957) and Shaw, Newell, Simon, and Ellis 
(1958). We shall use some of their terminol- 
} ogy and notation in discussing these lists. 
It should be pointed out that the Network 
Simulator could have been programmed 
without the use of associative lists, but we 
wished to see if their use led to economies 
and increased flexibility. We are now satis- 
fied that these lists have resulted in great 
t savings in both machine-time and machine- 
space. We have not, however, used them in 
the subtle and complex forms found in the 
programs of Newell, et. al. 

The device of ‘associating’? two memory 
cells by storing the address of one cell in a 
, field of the other cell has been used for many 
years. Many 2, 3, and 4 address machines, 
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for example the IBM 650, use this device 
for linking together the successive instruc- 
tions of a program. However, Newell, et al., 
were the first to recognize the advantages of 
using the principle of associative links for 
allocating and ordering both data and 
instructions. Their various Information 
Processing Languages offer beautiful ex- 
amples of the powerful effects obtained by 
extensive use of this simple device. 

In our simulation program, a _ very 
limited use of associative lists solved two 
major problems. First, in simulating an 
asynchronous network the program must 
scan the synapses in an unpredictable order | 
determined entirely by previous synapse 


firings and the related transit time delays. 


If the program is to be at all efficient with 
large networks, it should examine a synapse 
when and only when a terminal emits a pulse 
at that synapse. Thus a table of future 
events requiring attention, i.e., the emission 
of terminal pulses, must be maintained. 
Preferably, these events are always listed in 
order of their occurrence in time, and since 
no two Receptors need fire at the same fre- 
quency nor any two Inter-neurons need have 
the same transit time, there is no general 
rule for predicting the location in that table 
of any given event. Consequently the table 
must continually be reordered. Furthermore, 
the length of the table constantly fluctuates 
as a function of the number of synapses 
firing. The programmatic problem of main- 
taining such a table becomes trivial if the 
table is in the form of an associative list. 
A second problem is the efficient allocation 
of memory in the description of network 
topology. Each neuron has a fixed number of 
parameters, exclusive of the output termi- 
nals, and therefore a fixed-length block of 
cells can be set aside for each neuron. How- 
ever, we wish to put as few limits as possible 
on the number of output terminals a given 
neuron may have. Thus one neuron may 
have two terminals and the next may have 
40 terminals. If, say, a block of 50 cells were 
assigned to each neuron for listing its termi- 
nals, a major portion of the machine’s 
memory would be consumed even though 
only a small fraction of this space is required 
for any particular network. By putting 
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PROCESS OF REMOVING A CELL FROM AVAILABILITY LIST 
AND INSERTING IT IN LIST L BETWEEN CELLS a AND 2 
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FIGURE 6 


terminal lists in associative form, little space 
is wasted even though the range of possible 
terminals for a given neuron is not restricted. 
Figure 6 illustrates the general structure 
of associative lists, and the process of remov- 
ing a cell from one list and inserting it be- 
tween two cells in another list. Each cell is 
represented by a long rectangle, with the 
address written on the left. A field at the 
right end of each cell contains the address 
of the next (associated) cell. The first cell of 
each list, called the ‘head,’ has a fixed 
address (L and A). Initially, all associative 
cells in memory are organized into a single 
list, called the Availability List. Whenever 
the program requires a cell for another list, 
it is obtained from the Availability List 
which serves as a reservoir of unused ‘cells. 
This involves the shifting of only three 
addresses, as indicated by the long arrows. 
In the lower half of the figure is a picture of 
the final result from the programmer’s point 
of view. The small arrows in the associative 
fields are a convenient shorthand notation 
indicating that a cell is linked to the cell 
immediately below it in the “list.” 





























Similarly, when a cell is no longer required 
by a particular list, it is returned to t 
Availability List. Thus a program can easily 
do its own data allocation without human 
help. Furthermore, the insertion, deletion, 
reordering of cells in a list can be perform 
by the transfer of a few addresses rather than 
the massive transfer of datd. 

Before reading in the cards describing 
a network, the Network Simulator organizes 
a “two-layer” Availability List with 400? 
“entries.”” As used in this program, each 
entry in associative lists must hold mor: 
data than could be conveniently crammed} 
into a single memory cell. Consequently, ‘atj 
“entry” in our associative lists is composed 
of two cells. The first cell (which has some 
address «) contains, in addition to data, thef 
address of the “next,” or associated, entrys 
A second cell, the “twin” of a, is uniquely 
defined; it is the cell whose address is a 
+ 4000. The twins constitute, as it we 
a second “layer” of the associative ist 
This is but one of several possible ways | 
expand the storage capacity of an entry. 

Figure 7 illustrates the use of a two-laye: 
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associative list to represent the connections 
and pulse energies of the four output termi- 
nals of Inter-neuron a. On the left is a 
schematic of the network composed of 
elements a, b, c, and d. On the right is a 
diagram of a as it appears in the machine’s 
memory. As the punched cards describing 
a are read in, the input program stores 
synapse parameters and transit time in a 
10-cell block uniquely assigned to a, and 
forms an associative list in which the location 
and pulse energy of each terminal is re- 
corded. The order in which terminals are 
listed is irrelevant. The last entry of the list 
always has a special symbol in its associative 
field to indicate termination of the list. 

Thus network topology is represented by a 
set of variable length associative lists, one 
per element, with no rigid restrictions on the 
number of connections a given element 
may have. 

The heart of the Network Simulator is a 
table of future events which controls the 
sequence in which active elements are scanned. 
We call this the ‘Next Instant Table,” or 
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more briefly “NIT,” and it is an associative 
list. Its role can best be explained with 
reference to the basic simulation loop as 
shown in the flow chart of Figure 1. If we let 
the simulation interval be AT’, then every 
AT seconds in the organism’s life network 
simulation ceases and the interaction of 
organism and environment is computed. One 
pass through the whole program (Network 
Simulator + Interaction Simulator) is 
made every AT’ of the organism’s life. If we 
think of a clock that indicates the passage 
of time for the organism, then we can say 
that this clock advances only during the 
simulation process in Box B. 

In Box A the frequency of firing of each 
Receptor, as a function of stimulus, is 
computed. Since the stimulus is assumed to 
be constant over the coming AT’, the fre- 
quency is likewise constant. For each Re- 
ceptor, an entry is inserted in the NIT for 
each output pulse over the next AT’. For 
example, if Receptor “rr,” is firing at 60 
pulses per second, and AT is one second, then 
60 entries will be made in the NIT, one for 
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each output pulse, ordered by predicted 
time of occurrence, with each entry contain- 
ing the name “r,” and the particular time 
involved. The first output pulse of a Recep- 
tor is not assumed to occur at the very begin- 
ning of the simulation interval, but rather 
is delayed by the product of a pseudo- 
random number and the period of that 
Receptor. Thus the phase of the whole train 
of Receptor pulses, relative to the beginning 
of the simulation interval, is randomly 
chosen. A new random number, always 
ranging between 0 and 1, is computed for 
each Receptor. 

In this manner all Receptor outputs for 
the next A7’ are entered in the NIT. They 
will of course be intermixed, according to 
time, with each other and with whatever 
output pulses (of Inter-neurons) were left 
over from the previous simulation interval, 

e., if the synapse of an Inter-neuron fires 
near the end of a simulation interval, its 
transit time may be sufficient to delay the 
appearance of its output pulses until the 
next simulation interval. At the end of a 
simulation interval, the NIT is preserved, 
thus preserving network activity from one 
interval to the next. 
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After all receptors have been accounted } 


for, control moves on to Box B (of Figure 1), 


The organism’s time now begins to move | 
forward. The first entry in the NIT is | 


picked off (deleted from the list) and the 
“clock” advanced to the time specified in 
that entry. All the output terminals of the 
element named in this entry are fired, one 
by one, on their respective synapses. If one 
of these synapses is thereby caused to fire, 
then a new entry is immediately made in the 
NIT specifying the name of the newly active 
element and the time at which zts terminals 
will emit pulses. The first entry in the NIT 
has now been removed and processed. The 
next entry is picked off, the clock advanced 
to its time coordinate, and the above process 
repeated. Thus the program of Box B works 
its way through the NIT (sometimes creat- 
ing several new entries for every one it re- 
moves), consuming entries in the order in 
which they appear until the clock has been 
advanced to the end of the simulation inter- 
val. If most elements are firing at low fre- 


quencies there will not be many entries in | 


the NIT spanning AT’. The NIT will there- 
fore be consumed rapidly and the simulation 


A GRAPHICAL REPRESENTATION OF THE NEXT INSTANT 
TABLE (NIT) DURING SIMULATION OF A SIMPLE NETWORK 
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USE OF 2-LAYER ASSOCIATIVE LIST FOR NEXT INSTANT TABLE 
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firing at high frequencies, the NIT will be 
' large, and the simulation rate low. 

A tally of the number of times an element 
has fired during the simulation interval is 
maintained in the 10-cell block assigned to 
that element. At the end of a simulation 
interval, control moves on to Box C of 
Figure 1 where the tallies of the Efferents 
are converted to mean frequencies. These 
frequencies then determine changes in length 
of Muscle contractile elements via interpola- 
tion tables. 

Figure 8 is an attempt to pictorially show 
he use of the Next Instant Table. The hori- 
zontal line is a fragment of time in the life of 
the network shown above. The large vertical 
markers represent entries in the NIT, each 
with its time coordinate, ¢, and the name of 
the element whose terminals will fire at 7. 
The synapse parameters of elements a, b, 
_ and c are assumed here to be such that the 
firing of r always results in the firing of a, 
and through temporal summation, every 
two pulses from r cause 6 to fire. Further- 
more, if a and 6b fire sufficiently close to- 
gether, the temporal summation will fire c. 
, Immediately above the time line, a circle 


around an element’s name indicates that 
its synapse fired at that instant. The hori- 
zontal arrow defines the transit time, and 
points to the time at which that element’s 
terminals fire, necessitating a corresponding 
entry in the NIT. The Receptor entries, 
occurring at regular intervals equal to the 
period between firing, were all inserted at 
the beginning of the simulation interval. 
The firing of a, b, and ¢ are determined, 
however, as simulation proceeds from entry 
to entry. The clock is shown set at ts. The 
program has just discovered that r’s termi- 
nals caused both a and b to fire, and appro- 
priate entries have been made at ty and tho. 
The entry at és will now be discarded (i.e., 
will be returned to the Availability List) and 
the clock will be advanced to ty when the 
next entry is processed. 

Figure 9 shows the NIT as it would appear 
in the machine’s memory just before the 
receptor entry at ts is discarded. The second 
layer of the associative list holds the actual 
values of ts, ts, tio, ete. Note that the time’ 
interval between successive Receptor entries 
is 5 milliseconds. This means that at the last 
sampling of the environment, the stimulus 
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at r was sufficient to cause r to fire at 1/.005, 
or 200 pulses per second. 

It might be observed, in conclusion, that 
the problem of simulating our asynchronous 
nerve-net model is related to the ‘‘queuing”’ 
problems dealt with in the field of Operations 
Research. The synapse model we use might 
be likened to a _non-scheduled airlines 
terminal. The incoming pulses are short- 
tempered customers who arrive at odd times 
and who leak away (leave) in a certain 
period of time if there are not enough other 
customers to justify a flight out (synapse 
firing). Such analogies, if not instructive, 
are at least amusing. 
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ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY 


IMPLICATIONS 


Prepared by Member 


BLATT, SIDNEY J., Morris I. 
Efficiency in problem solving. //. 
Psychol., 1959, 48, 193-213. 

The authors define certain variables of 
performance in the PSI apparatus. (For 
description of the apparatus and its use as 
a problem-solving device, see John, Erwin 
Roy, & Miller, James G., The acquisition 
and application of information in the 
problem-solving process: An electronically 
operated logical test. Behav. Sci., 1957, 4, 
291-300; and Gyr, John W., An investi- 
gation into, and speculation about, the 
formal nature of a problem-solving process. 
Behav. Sci., 1960, 5, 39-59.) 

In particular, efficiency is defined in 
terms of the ‘absence of unnecessary 
questions”? of which several categories are 
mentioned. Another variable is the A-S 


AND OATEIN, 


| shift value, which measures the clarity of 


the division between the phase in which 
predominantly analytic questions and the 
phase in which predominantly synthetic 
questions are asked. (The A-S shift value 
is not to be confused with the position of 
the A-S shift, which appears in other 
studies. Also the authors’ definitions of 
analytic and synthetic questions are related 
to but not identical with those offered by 
other authors.) Other variables relate to 
phases of performance, some __ identical 
with, others slight modifications of anal- 
phases described elsewhere. The 
findings consist of (a) correlations of the 
efficiency measure with other performance 
variables and (b) correlations between 
various indices of personality and per- 
formance variables. Among the latter, the 
large and significant (< .01) correlations 
appear to be: (1) A-V-Z aesthetic seale vs. 
efficiency (+.50); (2) A-V-L aesthetic scale 
vs. relative length of initial (fact gathering) 
phase (time: +.56; questions: +.50); (3) 
A-V-L aesthetic scale vs. A-S shift value 


Rial of the Mental Health Research Institute 


(+.49); (4) A-V-L aesthetic scale vs. rate 
of questions (—.49); (5) Taylor anxiety 
scale vs. relative time of initial phase 
(—.41); (6) Freeman anxiety scale vs. 
repeated questions (+.32, p = .05). 

The authors discuss the possible psycho- 
logical significance of these correlations. 
(AR) 


Harary, FraNK. Status and contrastatus. 
Sociometry, 1959, 22, 23-43. 

Viewing the structure of an organization 
as a directed graph, the author defines 
status and contrastatus of a member in 
terms of his hierarchical position on the 
graph. Thus the status of individual A is 
defined as 


S(A) = > kuz, 
k=1 


where a; is the number of subordinates of 
A, k levels removed. If the directions of all 
the arrows of the digraph are reversed, the 
status of an individual in the resulting graph 
is his contrastatus in the original graph. 
Roughly, then, the status of a member of an 
organization is measured by the amount of 
authority he wields (in the formal structure), 
while his contrastatus is measured by the 
amount of authority bearing down upon him. 

Total status, defined as the sum of the 
individual statuses, and total contrastatus 
emerge as group parameters. 

Theorems pertaining to calculation of 
these and related parameters are proved, 
among them the following: Among. all 
organizations with n members, there is a 
unique structure for which the total status 
is maximal. The digraph of this structure 
consists of n points and n lines arranged in a 
cycle. 

Organizations can also be constructed in 
which all members have equal status, as 
defined above (peer groups). Having defined 
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an automorphic group (one in which every 
point can be transformed into every other 
point by an automorphism), the author 
proves that not every peer group is an 
automorphic one. 

The mathematical definitions and the 
deduced properties of digraphs being 
perfectly general with respect to structure 
consisting of elements and non-symetric 
relations, other applications suggest them- 
selves. 

In particular, the author mentions the 
‘publication status’ as some sort of index 
of creativity. “The first-order references can 
be considered as the immediate subordi- 
nates of a paper; the second-order reference 
as the 2-subordinates, etc.” (AR) 


Grecory, Ian. Genetic factors in schizo- 
phrenia. Am. J. Psychiat., 1960, 11, 
961-971. 

Two main approaches have been used to 
examine the genetic causation of “func- 
tional” psychoses: the investigation of twins 
including at least one affected member, and 
the estimation of frequencies of abnormality 
in various classes of relatives. More extensive 
data of both sorts have been gathered on 
schizophrenia than any other form of 
functional psychoses probably due to its 
relatively high frequency of occurrence, and 
the high degree of ascertainment of schizo- 
phrenia. : 

The twin studies make use of the zygosity 
of twins in attempting to establish the 
hereditary hypothesis. The author feels that 
the previously reported higher incidence of 

- schizophrenia in identical as opposed to 
fraternal twins may be explained by faulty 
diagnosis of schizophrenia, by faulty diag- 
nosis of zygosity due both to the unequal 


_ of ascertaining the two types 
) 


f twins and the relatively primitive con- 
firmation methods at the time of many of 
the studies, by counting twins twice if the 
abnormal individuals were detected in- 


dependently, by biological bias with prenatal 
or postnatal onset, and by greater environ- 
mental similarities for identical than for 
fraternal twins. 

Familial studies have resulted in four 
hypotheses concerning inheritance of schizo- 


ABSTRACTS OF CURRENT LITERATURE 


phrenia: simple recessivity with incomplete 
penetrance and expressivity, simple reces- 


Sivity with incomplete manifestation in | 


homozygote, partial dominance with com. 
plete manifestation in homozygote but 
incomplete manifestation in heterozygote, 


and partial dominance with homozygous ‘ 


manifestation. The author rejects all of these 
hypotheses either on grounds of poor 
corroborative evidence or on the grounds 
that necessary assumptions have not been 
satisfied. The most striking of the latter are 


the assumptions of randomness and gene . 


stability, in a Hardy-Weinberg equilibrium, 
which underlie all of the previous hypotheses 
and which are not met in the case of schizo- 
phrenia. 

Since no simple Mendelian hypothesis is 
compatible with all the data extant on the 
occurrence of schizophrenia, the author 
investigates the following non-mutually 
exclusive hypotheses: (1) That schizophrenia 
is predominantly determined by environ- 
mental influences. (2) That the genetic 
component of the schizophrenic syndrome is 


heterogeneous. (3) That at least part of the , 
genetic component of schizophrenia is 
polygenic in nature. 

Statistical association between — schizo- 


phrenia and limited intelligence, inferior 
socio-economic status, maternal mortality, 
and immunological or other somatic charae- 
teristics of schizophrenics, are all compatible 
with these hypotheses. (GR) 


Wess, Pau. Knowledge: A growth process. 
Science, 1960, 131, 3415, 1716-1719. 

In the higher animal, growth converts 
food from the environment into body 
substances in a sequence of four major 


steps: intake, digestion, assimilation, and. 


utilization. In the last step, cells branch in 
two directions, reproduction or manufacture 
of special products. This course is closely 
mirrored in the growth of scientific knowl 
edge. Experience (environment) furnishes 
an input of raw data (food stuffs) which is 
digested with the separation of ordered data 
(nutrients) from discards (waste products), 
assimilated into hypotheses (intermediary 
products), and utilized into knowledge 
(protoplasm) which can in turn lead either 
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to useful results (functional products) or 
more knowledge (more protoplasm). 

This analogy leads to two major argu- 
ments. In the first place it shows that 
information is not tantamount to knowledge. 
Information gathering is no more knowledge 
than the stuffing of a hamster’s pouch is 
growth. Both the educator and the editor 
should take this point to heart. It is not 
enough to teach the young scientist the 
present state of knowledge, but also how 
knowledge has gotten to its present point, 
as this is the only way in which scientific 
knowledge can expand further. The editor 
should encourage rather than blue-pencil 
interpretive excursions, thus fostering the 
growth of knowledge rather than the ac- 
cumulation of bulk. 

This first argument has the danger of 
emphasizing generalizability at the expense 
of those items which remain useful through 
their individuality, just as hormones, 
despite their common name, have specific 
functions. Taking the references cited in 
journals of different biological disciplines as 
a guide, it becomes evident that the use- 
fulness of general as opposed to particular 
information is a function of the particular 
discipline being observed. However, there is 
a rapid attrition of all unassimilated in- 
formation. It is suggested that, in order to 
alleviate the current glut of informational 
data, manuscripts be evaluated as to their 
prospective life span, and published in 
either fast-aging or slow-aging serials. 

Graded in terms of relevance, not every 
observation is worth reporting; not every 
report is worth recording; not every record 
is worth publishing; and not every publi- 
cation is worth preserving for eternity, 
except in sample specimens as in Noah’s 
Ark. The process of the growth of scientific 
knowledge is one which often thrives more 
on a spare than an overly rich diet, and in 
which self-restraint can readily ward off 
obesity. (GR) 


Story, J. L., Meusy, Jr., J. C., Eapant, 
R. H., anp Frencu, L. A. Adrenal 
cortical function following stepwise 
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removal of the brain in the dog. Am. 
J. Physiol., 1959, 196, 583-588. 

While a strong body of evidence exists 
indicating that the hypothalamus markedly 
influences adrenalcortical function, the 
identification of the critical loci involved is 
a matter of dispute. The authors have 
employed the Hume-Nelson technique for 
measuring 17-hydroxycorticoid production 
in conjunction with stepwise ablation of the 
CNS to determine whether higher structures 
are required for ACTH production and 
whether ACTH response can occur without 
lower centers as well. The brain was removed 
by suction in the order (1) cerebral cortex, 
striatum, hippocampus, fornix, and septal 
region to the level of the anterior com- 
missure; (2) thalamus to the massa medians 
and hypothalamic sulcus; and (3) hypo- 
thalamus between the superior colliculus 
and the infundibalar region. 

The authors’ results indicate that neo- 
cortical and subcortical structures above the 
hypothalamus are not required for adrenal 
secretion of 17-hydroxycorticoids. Corticoid 
secretion also continued for up to six hours 
after removal of the body of the hypothalamus. 
Whether this interesting finding is due to the 
activity of the few hypothalamic nuclei 
probably remaining in this preparation, a 
corticotropin-releasing humor stored in the 
pituitary stalk or the pituitary proper, the 
gradual release of some bound form of 
corticotropin within the adrenal, or some 
other mechanism has not yet been de- 
termined. (A Y) 


Decsi, L. anp M&ugss, J. Increased sensi- 
bility of the hypothalamic cells to the 
uncoupling effect of tranquilizing 
drugs. Arch. Internat. Pharmacodyn. 
Thér., 1959, 119, 294-304. 

Knowledge of the mechanisms whereby 
psychopharmacological agents exert their 
effects clearly would be of enormous value 
in establishing the biochemical and pharma- 
cological correlates of behavior. In the 
present paper, the authors have extended 
their earlier work on the uncoupling of 
oxidative phosphorylation by  chlorpro- 
mazine to similar in vitro studies of mepro- 
bamate and benzactyzine. As in the case of 
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chlorpromazine, the authors present evi- 
dence that whole homogenates of nervous 
tissue are more sensitive to the uncoupling 
action of these agents, than equivalent 
homogenates of liver tissue and that hypo- 
thalamic tissue is particularly sensitive. 
Captodiamin sbowed a similar selective 
effect on nervous tissue as a whole but 
inhibited oxidative phosphorylation of all 
CNS regions about equally. None of these 
compounds had significant inhibitory action 
on oxygen uptake. Under the conditions 
employed and using pyruvate as substrate, 


Much madness is divinest sense 


To a discerning eye; 


Much sense the starkest madness. 


‘Tis the majority 
In this, as all, prevails. 
Assent, and you are sane; 
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the highest P/O ratio that could be obtained 
by these authors was 2.20. 
The authors also mention that meproba- 


mate and benzactyzine, like chlorpromazine, | 


inhibit ATPase activity of brain cells while 
captodiamin does not. The authors conclude 
that chlorpromazine, benzactyzine, 
meprobamate probably exert tranquilizing 
effects by the same mechanism, presumably 
via their influence upon oxidative metab. 
olism. Other well known effects of these 
compounds upon biochemical systems are 
not considered in this paper. (AY) 


Demur,—you’re straightaway dangerous, 


And handled with a chain. 


Emity Dickrnson, “Much madness is divinest sense”’ 


The Oxford Book of American Verse 
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Bernice T. Eiduson (‘‘Values of Psychiatric 
Patients’”’), chief psychologist at the Reiss-Davis 
Clinic for Child Guidance (Los Angeles) and 
author of six articles published within the past 
three years, is also author of the book The Myth- 
Breakers, now in press. This book is concerned 
with the psychology of research scientists and is 
representative of Dr. Eiduson’s present interest 
in research in the field of creativity, particularly 
the psychology of persons who go into creative 
fields. Regarding other research presently in 
progress, she says, “Because I have been in 
clinical psychology for the last fifteen years, and 
know only too well on what a loose theoretical 
structure our diagnostic and therapeutic tools 
rest, I have become interested in seeing what 
the new developments in the biological, neuro- 
physiological, and biochemical sciences can con- 
tribute to our understanding of clinical behavior, 
and conversely what our personality data can 
suggest in the way of new research attacks for 
these sciences. My interdisciplinary mediator for 
my excursions into the natural sciences is my 
husband, who is a biochemist doing research on 
the brain. He, two other biochemists, and I are 
currently working on a book, Biochemistry and 
Behavior, which Van Nostrand is publishing.” 
Dr. Eiduson received her B.A. and M.A. degrees 
from the University of Buffalo and a Ph.D. 
from the University of California at Los Angeles 
in 1957. 

Joshua A. Fishman (“A Systematization of 
the Whorfian Hypothesis’), a graduate of the 
University of Pennsylvania and a Columbia 
Ph.D.,is Dean and professor of psychology at the 
Yeshiva University Graduate School of Educa- 
tion. He has published over fifty articles dealing 
with American minority groups, language and 
communication, and American higher education. 


’ Dr. Fishman is presently conducting research in 


non-English language resources of American 
ethnic groups (sponsored by the U. 8. Office of 
Language Development Section), 
social and psychological theory for selection and 
guidance of college applicants, and suburban 
interracial housing and community patterns. He 
defines his great interest in minority groups, 
language and communication, and education rela- 
tive to the Whorfian hypothesis in the following 
statement: “As a social psychologist primarily 
interested in what are commonly considered to 
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be three unrelated topics (American minority 
groups, language and communication, and edu- 
cation), I was long unable to understand why 
the Whorfian hypothesis had such an attraction 
to me. Lately I have begun to realize that it 
offered a rare opportunity to combine all three 
of my interests. Much of the language loyalty 
of American ethnic as well as other groups is 
prompted by the conviction that their languages 
are unique. Whorf attempted to define the 
uniqueness of individual languages. Whatever 
uniqueness may exist in terms of cognitive impact 
may or may not be counteracted by educational 
efforts.” 

Llewellyn Gross (‘‘System-Construction in 
Sociology”), professor and chairman of the de- 
partment of sociology at the University of Buf- 
falo, received his formal education at the Uni- 
versity of Minnesota where he obtained his B.A., 
M.A., and Ph.D. degrees. He has conducted 
research in and has written articles on measure- 
ment, typology, classification, ete.; his most 
recent papers being “Theory Construction in 
Sociology: a Methodological Inquiry” and “An 
Epistemological View of Sociological Theory.” 
In discussing his intellectual development, Pro- 
fessor Gross writes that it has “fluctuated be- 
tween interest in the systematic and analytic on 
the one side and the interpretative or imagina- 
tive on the other.’”’ He has strong misgivings for 
critics who insist that everything of value is 
found in only one approach. He adds, ““To me, 
our greatest mistakes have been to assume that 
any piece of research which introduces mathe- 
matics or logic must use such methods and only 
such methods at their most advanced levels, 
and that anyone who prefers to write in the 
metaphors of literature or common sense must, 
in no way, attempt to simulate the exact pro- 
cedures of natural science.” His present paper is 
the third in a series of recent publications in 
which he attempts to “bridge the concerns that 
characterize these contrasting viewpoints.” He 
further states, ‘“‘Without research on the middle 
regions that join the numerous antinomies of 
our collective endeavors, we cannot maintain 
the integrity of our chosen field(s). Consequently, 
I am preparing to suggest this image as a postu- 
lational (epistemological and methodological) 
principle for guiding the whole of social research. 
In this connection, I am attempting to revamp 
the historical methods of dialectic with the aim 
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of providing a set of perspectives for ‘deciding’ 
various issues in behavioral science.” 

Lawrence A. Kratz (“The Motivation of the 
Business Manager’’) is an assistant professor of 
economics at Mississippi State University, with 
past experience at the University of South Caro- 
lina and at Franklin and Marshall College where 
he taught economics and geography. He has also 
had business experience as a municipal bond 
analyst with Dun and Bradstreet in New York 
City. Ohad Kratz writes about himself, “I 
am an Ohioay who has been teaching economics 
(Cincinnati School) at Mississippi State Uni- 
versity since the year of the Supreme Court 
Desegregation Decision. This article on ‘The 
Motivation of the Business Manager’ grows out 
of a four-year argument between me and the 
rest of my department about orthodox marginal 
productivity analysis and the profit maximizing 
assumption. It is my modest hope that this 
article will set the feet of economic theory on the 
path of non-marginal righteousness.” Author of 
several articles on geography, Professor Kratz 
is presently conducting research in economic 
motivation, and has a great interest in Christian 
theology. A graduate of the University of Cin- 
cinnati with B.A. and M.A. degrees, he also 
attended Ohio State and Mississippi State Uni- 
versities for further graduate work. 

Robert A. LeVine (‘The Role of the Family 
in Authority Systems: A Cross-Cultural Appli- 
cation of Stimulus-Generalization Theory’’), as- 
sistant professor of anthropology, Committee on 
Human Development, the University of Chicago, 
has a doctorate in social anthropology from 
Harvard University, and an M.A. and B.A. from 
the University of Chicago. Regarding present 
research, Dr. LeVine writes, “I am engaged in 
selecting a sample of societies on which to test 
the hypotheses presented here and constructing 
rating scales for this purpose and for the testing 
of other hypotheses relating socialization to cul- 
tural behavior.” His interest in political socializa- 
tion ‘‘...stems from work on the psychological 
basis of social control done first at Harvard and 
later among the Gusii of Kenya, in conjunction 
with the comparative study of socialization 
directed by John W. M. Whiting of Harvard, 
Irvin L. Child of Yale, and William W. Lambert 
of Cornell. It also stems from my experience as 
an anthropologist in the political science depart- 
ment at Northwestern [where he taught previ- 
ously]. My theoretical approach to the subject 
combining psychoanalytic concepts, behavioristic 
learning theory, and the comparative study of 
social structure was greatly influenced by Whit- 
ing, as was my preference for the quantitative 
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cross-cultural method for testing hypotheses.” | signs t 
Among articles Dr. LeVine has published relg. | tion of 
tive to the above research are ‘An Attempt to Deni 
Change the Gusii Initiation Cycle” and “Anti. | Patien 
European Violence in Africa: A Comparative | Univer 
Analysis.’ His most recent work ‘“‘The Interna]. | an Mi 
ization of Political Values in Stateless Societies” | and hi: 
is in press. | rently 


Bernhardt Lieberman (“Human Behavior in | Univer 


a Strictly Determined 3 xX 3 Matrix Game”) first p 
is a research fellow at the Center for Inter. papers 
national Affairs at Harvard University, where 1959 | 
with Professor Thomas C. Schelling he is study. conven! 


ing interaction between two or more individuals Psycho 
in situations of conflict. ‘The situations will be Operan 


games which will permit threat, bargaining, and 1960 Fl 
cooperation while allowing only limited communi. and “I 
cation.” From September, 1958°to August, 1960 at the | 
he .was a post-doctoral research fellow of the interest 
National Institute of Mental Health in the “I have 
department of social relations at Harvard where own mi 


he studied behavior in situations described by ' Skinner 


the von Neumann & Morgenstern game theory by Raz 
models. Initial work in this study was a basis for _ is a so-f 
his present article. He recently wrote and pub- _ the Rei 
lished (with co-author Philip Nogee) ‘The Auc- learning 
tion Value of Certain Risky Situations.” Dr, differen’ 
Lieberman obtained his doctorate in social psy- the bas 


chology from Boston University in 1958, his } Pm int 
M.A. from New York University in 1952, and peinfore: 


his B.A. from Brooklyn College in 1950. problem 
Charles Morris (‘‘Values of Psychiatric Pa- the gen 
tients’), graduate research professor in _philos- indiviste 

ophy at the University of Florida, received a teen 
B.S. degree in psychology at Northwestern Uni- ' a 
versity in 1922 and a Ph.D. degree in philosophy conditio 
from the University of Chicago in 1925. Editor _ Richa 
of Mind, Self, and Society and of Philosophy of gta 
i Be 


the Act (both by George H. Mead), he is asso- 
ciate editor of the International Encyclopedia Laude v 
of Unified Science. A fellow of the American Versity « 
Academy of Arts and Sciences and past fellow 

of the Center for Advanced Study in the Be- 

havioral Sciences, Dr. Morris was invited to 
represent philoscphy on the Joint Commission , 

for Mental Illness and Health. In the study re- 

quired as a member of the commission, he noted 

various statements suggesting a relationship be- 

tween mental health and value conflicts. Having 

worked in the area of values for many years 

using quantitative techniques, he extended this 

study into the values of psychiatric patients. It. 

was while attending a conference at the Hacker ’ 
Foundation that he came in contact with Dr. 

Eiduson and they decided to cooperate on this 


project. Dr. Morris is the author of several books 
and is currently interested in “The relat) f 
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signs to values, or as I prefer to put it, the rela- 
tion of signification to significance.” 

Denis O’Donovan (“Values of Psychiatric 
Patients’) received his Ph.D. degree from the 


| University of Florida this past June (1960), 


an M.S. degree from the University of Miami, 
and his B.A. from Duke University. He is cur- 
rently assistant professor of psychology at the 


| University of Missouri. Although this is his 


first published article, he has presented two 
papers which grew out of this study, one at the 
1959 Southeastern Psychological Association 
convention and the other at the 1959 American 
Psychological Association meetings. “Subliminal 
Operant Conditioning” was presented at the 
1960 Florida Psychological Association meetings 
and “The Value of Valuing” will be presented 
at the 1960 APA convention. Regarding current 
interest and research, Dr. O’ Donovan comments, 
“TJ have been attempting to comprehend in my 
own mind a system in which both Maslow and 
Skinner play a role. In this, I have been aided 
by Razran’s latest theorizing. My first attempt 
is a so-far decidedly unpublished paper, ‘Beyond 
the Reinforcement Principle,’ which asserts that 
learning takes place under the dominance of 
different stages of learning laws predictable on 
the basis of genetic and situational variables. 
I’m interested in investigating why reinforcers 
reinforce.” Other research interests include the 
problems and possibilities of gifted students; 
the general problem of values; an approach to 
individual, situational, and group differences in 


_ structure of judgments; and subliminal operant 


conditioning. 

Richard F. Reiss (“The Digital Simulation of 
Neuro-Muscular Organisms’’) was elected to 
Phi Beta Kappa and graduated Magna Cum 
Laude with an A.B. in psychology from the Uni- 
versity of Southern California in 1952 (where he 
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also studied for two years in the Graduate School 
of Philosophy). He is presently employed as 
research associate in the Laboratory for Auto- 
mata Research at Librascope Division of General 
Precision, Inc. Events and experiences responsi- 
ble for Mr. Reiss’ present interest and work in 
the computer field are best described by Mr. 
Reiss himself: “After several years in the Navy 
as an electronics technician, I entered college as a 
physics major. By my senior year, I had shifted 
to a psychology major with a physics minor, 
partly as a result of courses given by J. T. Cul- 
bertson on nerve-net theory and cybernetics. 
After graduation, I was engaged in electroenceph- 
alography research, under Dr. John Kennedy, 
for a year at the RAND Corporation. During 
my second year of graduate work in philosophy 
(mainly logic and philosophy of science), I began 
working as a programmer at the Electrodata 
Company (now Burroughs). My interest in 
computers soon overwhelmed my academic work, 
and since 1955, I have been working in the com- 
puter field—returning to RAND for work on 
SAGE air defense at Lincoln Lab., then to Atomic 
Energy Division of the Babcock & Wilcox Com- 
pany where automatic programming was my 
main concern, and finally to Librascope to help 
form the Laboratory for Automata Research. 
Our central goal here is to acquire knowledge 
that may eventually lead to the creation of a 
race of ‘intelligent machines’ of many varieties 
(in the period, perhaps, of 1970-1990). I am, of 
course, interested in any and every field that may 
have something to contribute; it is a frightening, 
but stimulating, fact that almost every area of 
science and technology is in one way or another 
relevant to our goals. Biology presents a bewilder- 
ing array of relevant data and theory, and this 
simulation model represents but one of several 
projects we have which cuts across biology, 
psychology, and automata theory.” 
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We feel in one world; we think and name in another. Between 
the two we can set up a system of references but not fill the gap. 


The Maxims of Marcel Proust 
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Stanford Mathematical Studies in the Social Sciences, V. 


Markov Learning Models for 


Multiperson Interactions 


Patrick Suppes and Richard C. Atkinson 


This book represents a major attempt to bridge the gap between 
statistical learning theory and social psychology by applying stimulus- 
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to multiperson situations that have a game structure. The specific 
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